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BIOLOGICAL AND ECOLOGICAL RESPONSES TO IONIZING RADIATION 


Background 

A rigorous assessment of the biological and ecological effects of 
a nuclear war would require more knowledge about the world than is now 
available. Yet, once it is conceded that certain basic information about 
nuclear weapon explosion phenomena, about the interaction between the 
explosion phenomena and units of the biota, and about, biological systems 
is known, then it can be argued that this available information may be 
outlined and assessed with respect to at least the major effects of 
nuclear detonations on biological systems. Thus the purpose of the 
following discussion is to outline some of the major biological and 
ecological problems that could arise in a nuclear war, to summarize 
briefly some of the information (or lack of information) that has been 
found and reported regarding these problems, and to outline views and 
methods of treating these problems. In this presentation, only a minor 
fraction of the available and potentially useful data are included for 
illustrating relevant facts and concepts relating to the problem under 
discussion. 

To focus the discussion on major effects and problems, some general 
definitions are made. Under the subject of biological effects, the major 
concern is on the direct effects of exposure to ionizing radiation of 
temporal units of the biota; the latter include cells, tissues, organs, 
organ systems, and organisms. Effects of thermal radiation and fire are 
not considered in this presentation; and blast effects are not considered 
as part of the longer term postattack biological effects. Under the sub¬ 
ject of ecological effects, the major concern is on the secondary effects 
to functional units of the biosphere; the latter include populations, 
communities, and ecosystems. The secondary effects, in contrast to direct 
-ffects, are disturbances and damage that may be caused by the direct 
effects of explosion phenomena, but occur at a later time. Actually, 
the functional units of the biosphere would be disturbed by the direct 
effects of a nuclear attack but these disturbances generally would be 
considered a sum of the effects on the temporal units; for clarification, 
the ecological problems are separated from direct effect problems. 

The characteristics of the biological functional units are closely 
associated with the climatic and other environmental features of the 
part of the earth at which the units e?Tist. Thus the distribution of 
life over the earth attains familiar patterns in deserts, tundra, grass¬ 
lands, and forests; areas in which human life predominates include farm¬ 
lands and cities. Biological units in all these different areas over 
the earth usually have established integrated structure and function, a 
metabolism, and a capacity for repair of damage; units and areas that 
have well-integrated functional systems are called "ecosystems." Within 
the context of this study, three types of ecosystems are identified: 

(1) urban, (2) rural farmland, and (3) wild land. In this report, major 
emphasis is given to the rural farmland ecosystems. 
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In basic ecological studies (which are not the primary concern of 
tills report), much consideration is given to the sources of energy on 
which ecosystems operate. The energy comes from two sources: (1) the 
sun and (2) fossil fuels. The concept of a capacity for repair of dam¬ 
age is always considered as a characteristic of any ecosystem. Those 
ecosystems that repair themselves using only solar energy are called 
homeostatic; these could include some wild land systems, The ecosystems 
that are maintained by man, using stored energy sources, are called 
nonhomeostatie; these include the rural farmlands and cities. However, 
since the advent of large-scale conservation programs, man has tended 
to increase his dominance over all the economically valuable ecosystems, 
including the wild land systems. 

Pronounced opinions regarding the long-term ecological effects after 
a nuclear war range all the way from tho pessimistic view that the direct 
damage of ecosystems would, in all. cases, escalate toward the complete 
destruction of the systems, to the optimistic view that the inherent 
repair and recovery mechanisms available to ecosystems are sufficiently 
strong and would eventually prevail. The importance of biological and 
ecological damage from a nuclear war, in either case, centers on the 
premise that the recovery pattern of the industrial economy and the 
social institutions would be possible only if recovery of the biological 
economy is possible. Following this notion, the extreme positions with 
regard to biological recovery appear to be associated with divergent 
notions about the nature and degree of the direct damage to the various 
ecosystems as well as with divergent ideas about the x-epair and recovery 
mechanisms available to the various ecosystems (with and without influ¬ 
ence of man). 

Throughout history, ecosystems have been disturbed or damaged by ^ 
fires, by floods, by predator invasion, and by many other means. Platt 
reports a generalized view about the reaction of natural ecosystems to 
damage fi*om past experience: It is a well-established axiom in ecology 

that nature will reestablish disturbed or destroyed natural areas by its 
repair and recovery mechanisms. .Equally well understood is that a great 
deal of time is required for these processes, the time being a function 
of the particular environment and the natux-c and severity of the distur¬ 
bance. The degree of severity of disturbances in which repair and re¬ 
covery of natux*al ecosystems have been effectively denied in past exper¬ 
ience is usually associated with cases where the damage (or the effect 
causing the damage) is chronic or where the soil on which some of tlxe 
ecosystem organisms grow is removed. Examples of these two cases are 
the Copperhill section of southeastern Tennessee where all the vegetation 
was destroyed because of the continuous release of sulfur dioxide fumes 
during copper smelting operations during the first part of this century 
(and the soil subsequently removed by erosion), and the Negev Desei’t 
where flourishing civilizations lived thousands of years ago when the 
climate and the topsoil suppox'ted vegetative growth. 

Thus perhaps the major features of the long-term biological and 
ecological problems resulting from a nuclear war, with respect tc severity 
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of the disturbance and repair and recovery mechanisms, are (l) specifi¬ 
cation of the acute and chronic damage phenomena, (2) extent of the 
direct damage, (3) identification ol' repair and recovery mechanisms, 

(4) damage leading to floods and soil erosion, (5) loss of economically 
valuable resources, and (6) influence of man in ecosystem repair and 
recovery pi*ocesses, including the establishment of both preattack pre¬ 
parations and postattack countermeasures. 

In the following paragraphs, these six featuros are generally dis¬ 
cussed in terms of the source of injury or damage (direct and secondary), 
the pattern of the damage and recovery phenomena, operational criteria 
(human), and general ecological considerations. The type of available 
information applicable to each with respect to the role of man, animals, 
plants, and insects is discussed. 


Source of Radiological In.iury or Damage 

It is well known that, in a nuclear explosion, more than a hundred 
radioactive fission-product nuclides and many additional neutron-induced 
radionuclides are produced. This radioactive mixture initially consists 
of radionuclides with radioactivity decay half-life values that vary from 
a fraction of a second to many years. Most of these radionuclides emit 
both beta particles and gamma rays when they disintegrate, so that the 
presence of these two types of ionizing radiation in the environment 
would result in biological damage to living tissue. The presence of 
these radionuclides in an ecosystem thus would constitute a source of 
radiological hazard from fallout to ecosystem species. The major radio¬ 
logical hazard to man from fallout is known to be the external gamma 
radiation from deposited fallout; this fact requires special recognition 
in both damage assessment studies and in civil defense planning. 

Fallout particles from land-surface detonations, as nuclear radia¬ 
tion sources, consist almost entirely of fused, sintered, and unchanged 
grains of soil minerals and other materials present at the point of deto¬ 
nation.^ Also present in the fallout particles are inert materials from 
the weapon or warhead and radioactive elements from fission and neutron 
capture processes. Roughly, the relative amounts of soil minerals, bomb 
construction materials, and radioactive elements in fallout particles 
are, respectively, (l) 1 megaton of soil per megaton of total weapon 
yield; (2) the order of 1 ton of warhead materials per megaton of total 
weapon yield (but variable around this value): (3) about 0.06 ton (120 
pounds) of fission products per megaton of fission yield (or 0.03 ton 
per megaton of total weapon yield which is 50 percent fission); and 
(4) about 0.05 to 0.1 ton of induced radioactive atoms per megaton of 
total yield (the yield of induced radioactive atoms would increase as 
the fraction of fission yield decreases). 

Analyses of fallout particles from surface and near-surface detona¬ 
tions collected at weapons tests in both the Eniwetok Proving Ground and 
the Nevada Test Site show that the radioactive elements are either within 
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the Interior of fused and sintered particles or attached to the exterior 
layers of all three types of particles. It is known that larger fallout 
particles are not formed by the condensation of vaporized soil; rather, 
the larger fallout particles are individual <r agglomerated particles 
that were formed from either single soil grams or a fused mass of liquid 
soil. These particles are drawn into the rising fireball and apparently 
serve as collectors for small vapor-condensed particles and as condensa¬ 
tion centers for vaporized fission-product and radioactive neutron-induced 
atoms. 


It is generally believed that the fallout formation process does not 
begin until the fireball temperature (or the temperature of the gaseous 
material) has decreased to about 3,000°K, because at higher temperatures 
all materials would tend to dissociate rather than condense. As the 
temperature decreases below about 3,000°K, vapor condensation processes 
should take place resulting in the initial formation of very small liquid 
particles. Such small particles are observed in worldwide fallout collec¬ 
tions; they also have been observed as attached particles on unchanged 
coral grains in the fallout materials collected from weapons tests at the 
Eniwetok Proving Ground. 

As the fireball rises and cools, and as the crater materials are 
drawn up into the fireball volume, the thermal action at the surfaces 
of entering (molten) particles should gradually change from a vaporiza¬ 
tion process to a condensation process in which the less volatile fission 
products condense onto and diffuse into the liquid phase of the particles. 
In addition, the larger molten soil particles, as they circulate through 
the fireball volume, would rapidly form agglomerates with a large fraction 
of the smaller (previously formed) vapor-condensed particles. Particles 
that enter the fireball volume at later times may be heated to sintering 
temperature or may be completely unaltered, thermally. When the temper¬ 
ature of the surface of the particles becomes lowez*, the rate of diffu¬ 
sion of the condensed radioactive atoms into the interiors of the parti¬ 
cles should decrease so that the more volatile of the radioactive elements 
that car. condense only at lower temperatures would collect, and be con¬ 
centrated, on the exterior surface of the particles. Also, radioactive 
daughter atoms (even if not volatile) formed at later times from volatile 
parent nuclides (such as the rare gas elements) would be concentrated on 
the exteriors of the smaller particles. The degree of solubility and 
biological availability of Sr-89, Sr-90, and Cs-137 strongly support 
these views regarding the condensation process. 

In general, two rather distinct periods^of fallout formation by 
condensation pz-ocesses have been postulated," In the first period, the 
condensation of volatile radioelements is considered to occur by deposi¬ 
tion onto and diffusion into large molten (soil) particles and by agglom¬ 
eration with smaller particles. The radioelements thus condensed would 
become fused within the volumes of the molten particles when they cool 
and solidify. In the second period, the remaining volatile radioelements 
would then condense onto the surfaces of relatively cold solid particles 
(most of which are late-entering gz*ains of soil). 
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Because of the differences in volatility among the various fission- 
product elements, fractional condensation would be expected to occur 
throughout the falloc* formation process. The significant radiological 
property associated witi, the amount of a radio«lenient that condenses 
during the second period of formation Is that the fraction condensed is 
considered to be potentially soluble and biologically available for 
assimilation by plants and animals. The more volatile radioelements in 
fallout, in fact, have been found to be most soluble and more biologically 
available than arc the refractory elements. However, the fractional 
degree to which each element condenses in either period of condensation 
is expected to depend very much upon the temperature at which diffusion 
into the particle becomes limiting and the condensing radioelement is 
concentrated in the surface layer of the particle. 

If all the materials that were produced in a land-surface nuclear 
detonation and all that entered the fireball volume remained together for 
the first 5 or 10 minutes after detonation, the radioactive compositions 
and the subsequent radioactive decay (nnd nuclide solubility) would be 
about the same for all fallout particles. However, it is known that all 
the entering particles do not remain together in the fireball and cloud 
for such periods of time. Immediately after the fireball expands to 
maximum size, it begins to rise in the air. The upward motion of the 
hot gases sets in motion a large-scale toroidal circulation because of 
the drag forces of the surrounding air. This toroidal motion, with cir¬ 
culation velocities in excess of 100 miles per hour, is probably respon¬ 
sible for pulling blast-loosened soil from the crater and crater lip into 
the rising fireball. 

The circulation of the particles in the toroid should result in an 
earlier separation of the larger particles from the circulating volume(s) 
of condensing gases and should, by centrifugal forces, move them to the 
periphery of the toroid. When the circulating particles reach the peri¬ 
phery (or the bottom) of the cloud and the pull of gravity begins to 
exceed the upward drag forces of the air near the base of the rising 
cloud, the particles begin falling to earth. Other particles of the 
same size, not yet near the periphery of the toroid, may continue to 
circulate for a much longer time before they leave the base of the cloud. 
These views of particle circulation and formation are supported by (1) the 
relatively long period over which particles of a given size arrive on the 
ground, (2) the relatively early arrival times for close-in fallout, 

(3) the variation in composition of the radioolemonts on particles of 
different sizes, and (4) the variation in specific activity and radio¬ 
element composition among particles of a given size. 

The concentration of the volatile radioelements in the radioactive 
compositions carried by the larger particles is generally found to be 
low. This lower relative concentration could occur only through the 
earlier ejection of the large particles from the volumo of the fireball 
containing the radioelements (vapors plus small vapor-condensed particles). 
In addition, the large fallout particles from many low tower detonations 
do not contain or carry any soluble radioelements, and, therefore, these 
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particles must have been ejected when their surfaces were still at a 
very high temperature. Thus tho toroidal motion is considered to be* 
partially responsible for the observed differences in the gross radio¬ 
active decay and biological availability of different radioelemcnts 
carried by fallout particles with difforont diameters. 

The toroidal motion which apparently causes early ejection (early 
with respoct to fall from the stabilized cloud) of the larger particles 
also oan oause prolonged apparent buoyancy of the smaller particles. 

The latter would circulate for longer times and, alter cooling, would 
remain in the volume to colloct the more volatile elements on their 
surfaces. Except for the fallout particlos with diametei’s loss than 
about 50 to 80 microns, all appear to loave the cloud volume under influ¬ 
ence of circulation. 

Observed data on the properties of fallout from detonations on 
soils similar to those of likely targets in a nuclear war ax*e nonexistent. 
In fact, only a few detonations in both the Rniwetok Proving Ground and 
Nevada Test Site have provided useful data for the development of fall¬ 
out models for land-surface detonations, i’ll© large yield devices were 
all detonated over water, on coral atolls, or in the air. No evidence 
exists today for proving that all types of information on fallout ob¬ 
tained from these few weapons tests are satisfactory for use in develop¬ 
ing reliable models that are designed to give quantitative estimates of 
the properties of fallout (and its distribution) from assumed detonations 
of high yield weapons on targets in the continental United States. Per¬ 
haps continued theoretical developments and concurrent supporting high 
temperature experimental work are the only remaining methods for improv¬ 
ing and evaluating tho validity of some of the input data for currently 
available fallout models. 

The radionuclides in worldwide fallout are generally found to be 
quite soluble, and all the radionuclides are, to a large degree, bio¬ 
logically available. However, a fairly largo nurnbor of fused-type par¬ 
ticles are formed from the warhead or bomb materials as identified in 

O 

stratospheric collections of bomb debris." A large fraction of the 
worldwide fallout from a large-yield nuclear air explosion appears to 
be formed in the stratosphere at some time aiuer the detonation through 
processes of coagulation and coprecipitation of the radioactive atoms 
with the natural stratospheric aerosol particles. The latter, composed 
mainly of. water-soluble ammonium sulfate compounds, then serve as carrier 
particles for returning the radioactive debris to earth. 

In all types of detonation conditions, the form and properties of 
the produced fallout are determined during the cooling period of the 
fireball and cloud, as well as at later times for the decay products of 
gaseous radio©le.ionts and for many other radioelements in airbursts that 
produce the worldwide fallout. The materials that enter, ox* are in, the 
fireball at these times are important factors in detox-mining the proper¬ 
ties of the fallout particles. These formation processes set the stage 
for all subsequent radiological interactions between the fallout materials 






ami the biological and ecological environment In which the materials 
are deposited. 

One of the chief difficulties in the prediction or computation of 
levels of fallout nt a given location, in addition to the problems of 
defining the fallout particle cloud source discussed above, is the analysis 
and prediction of the wind structure as the major influence in distribut¬ 
ing the fallout particles over the earth's surface. Other major factors 
for which very little accurate data exist, especially for fallout from 
large yield detonations over silicate soils, Include (1) the variation 
of the specific activity with particle size and (2) the influence of the 
environmental material (soils and other likely target materials) on the 
gross particle-size distribution of the fallout (i.e,, by particle num¬ 
ber, mass, or radioactivity content), 

A comparison of several currently used fallout; models (or fallout 
pattern scaling systems) is shown by the relative areas within stated 
fallout radiation rate contours in Table 1. The differences in the 
areas enclosed by stated standard intensity contours among the various 
computing systems for the two weapon yields and wind conditions are 
generally not small. Assumptions regarding the fraction of the gross 
fallout activity on particles of a given diamoter and the locations of 
the particles in the initial cloug source are likely major causes of 
the differences among the models. The integrated activity in the fall¬ 
out patterns within the 1 r/hr at 1 hr contour, for the two cases of 
Table 1, gives the following values for the radiation rat© conversion 
factor (in r/hr at 1 hr per KT/sq mi): 

Case A: WSEG-RM10 - 1,500 
ENW - 1,460 
Anderson - 1,550 
SFSS - 1,430 

Case B: WSEG-RM10 - 2,500 
AFCIN - 800 

WB - 2,000 (approximately) 

WSEG-NAS - 2,400 

For Case B, the theoretical value of the conversion factor for unfraction¬ 
ated fission products is 3,600. 2 The parameters and data relating to 
the evaluation of the conversion factor from measurod quantities on the 
fallout from Shot Small Boy in Operation SUN BEAM are discussed in Ref¬ 
erence 8. 

Four additional types of radiological hazards to biological species, 
in addition to the more general external hazards from gamma radiation, 
are known. These are (1) the contact hazard, (2) the inhalation hazard, 

(3) the beta-field hazard, and (4) the internal hazard from ingested 
radionuclides. 
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Table 1 


RATIO OK AREAS WITHIN STATED STANDARD INTENSITY CONTOURS 
FOR FALLOUT PATTERNS COMPUTED FROM VARIOUS MODELS 
RELATIVE TO THOSE FRCW THE WSEG-RM10 MODEL* >b 


Standard Intensity 
_ (r/hr at I hr) 

Model Designation 1 10 100 1,000 



Case A. 

10-MT yield, 15 mph wind 



speed (100 

percent 

fission) 

ENW (1957) 5 

Anderson^ 

Simple Fallout Scaling System 2 

8.66 

1.86 

0.70 

0,62 

1.40 

1.14 

1.00 

0.96 

0.67 

0.71 

0.83 

1.10 


Case D. 

1-MT yield, 

25 mph 

wind /Br>ee 



0.2 knots/lO^-ft vertical 



shear (100 

percent 

fission) 

AFCIN 7 

0.15 

0.18 

0.26 

0.57 

WB (1962 ENW) 7 

2.16 

1.18 

0,67 

0.40 

WSEG-NAS 7 

1.96 

1.36 

0,87 

0.60 


) 


ft Standard Intensities calculated from WSE0-RM10 Model were first 
multiplied by 0.56 to account for terrain shielding and instrument 
response for the 10-MT-yield woapon fallout pattern 

b From Reference 4 
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The contact hazard (sometimes called the beta cotit act; hazard) could 
develop in situations where fresh fallout particles remain in contact 
with the skin of humans, animals, insects, and plants for some period of 
time. For humans, this typo of exposure could be avoided easily by wip¬ 
ing or brushing fallout particles from exposed skin. This hazard would 
develop only during fallout deposition and shortly thereafter; at times 
after attack longer than several days, the fallout particles would no 
longer have the radioactive content necessary to caueo serious damage 
to .skin tissues, ^Smo data have been reported on the retention of par¬ 
ticles by humans, ’ Some data have been obtained on skin doses to 
animals; however, no reliable correlations of such data with fallout 

deposition levels have yet been made, although unverified relationships 
betweeu the two have boon proposed. 1 ^ No computations or experimental 
measurements have boon made ot the contact dose to plants, although data 
on the retention of fallout particles by the fol^a^ of many different 
typos of plants have been obtained and reported.' 1 

The inhalation hazard is associated with the inhalation and deposi¬ 
tion in the respiratory system of small fallout particles of a narrow 
d, oizo-rungo. All the available data on exposur© of animals in fallout 

areas at weapons tests and in laboratories, on air filter samples in 
various fallout environments, and on fallout particle re SUB pension in 
air give negligible results for the inhalation hazard. Therefore, the 
Inhalation hazard is considered to bo a minor one relative to other pos¬ 
sible radiological hazards. 

The beta-field hazard (sometimes called the "beta-bath" hazard) could 
occur in certain confined radiation source geomotrios for humans, The 
bota-field hazard, however, would be expected to be severe for small 
plants, small animals, and insects whose habitats become covered with 
the deposited fallout particles. In such geometries, the beta-to-gamma 
ratio (i.e,, the rad-to-roentgen ratio) would generally be between 30 
and 100 for fallout radiation compositions similar to th03o of past wea¬ 
pons tests. No mathematical models on the beta-field hazard to small 
plants and animals or insects have been reported, and none are known to 
exist for use in damage assessment studies of nuclear war. However, some 
related work on this hazard has been reported,The combinod radio¬ 
logical hazards, the external gamma, the Contact, and the beta-ileld, for 
plants, animals, and insects should be considered in future research in¬ 
vestigations. 


Contamination Phenomena 


Certain types ol Information on the contamination of various kinds 
of exposed environmental materials, objects, and biological materials are 
needed in the description of a radiological environment. Some of those 
types of information on contamination phenomena and their relative avail¬ 
ability arc sionmarlzed below. 
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Structure Contamination 



Essentially no data are available on the contamination of urban- typo 
dtrnctures and urban geometries by real fallout; some* related data were 

obtained In Costa Rica where the retention of volcanic particles on roofs 
9.15 


was observed. > 


The Influence of urban urea geometries on fallout deposition Is not 
well known. However, from observations In Costa Rica, It Is expected 
that sloped roofs would not retain large particles for any long period 
of time if they are deposited in a dry state when the surface wind speed 
Is more than 5 miles per hour. Under damp conditions and low wind speeds, 
the retention would bo expected to bo relatively high. Eave troughs, the 
lee side of roof peaks, crevices In the roof surface, and any roof areas 
protected from wind are locations whore the deposited particles would 
tend to accumulate. 

The effect of fallout deposition patterns (roof versus ground) on 
building shielding factors Is not known or generally considered in the 
computation of radiation protection factors. 

The offoot of natural processes of roof decontamination, duo to 
wind and rain, on building shielding factors and the surrounding radiation 
fields Is not well known, quantitatively. For flat built-up roofs of tar 
and gravel, however, the effect of moderato wind speeds In accomplishing 
roof decontamination has been found to bo small. 


Paved Area Containingtlon 


Essentially uo data are available on the decontamination of streets 
and roads by rain. However, it is expected that light rains would facil¬ 
itate the leaching of soluble radlouuclldos from deposited fallout par¬ 
ticles and the transport of theso radionuclides to pavement surfaces 
where they could he chemisorbed; heavy rains would he expected to wnsh 
many fallout particles from sloped surfaces, as was observed in Costa 
Rlou . 10 


Winds, with speeds in excess of 10 miles per hour, move particles 
with diameters between about 100 uud 300 microns more effectively than 
they do other larger or smaller particles. 

A few data on the effect of wind erosion have been obtained. Radia¬ 
tion fie . reductions of a factor of 2 have boon observed," In Costa 
Rica, the wind and traffic tended to move the volcanic particles to the 
gutters along the street or to the edge of parking lots where the parti¬ 
cles accumulated in the grass, weeds, or grave). 
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tend Ar e a and Soil ContainInal Ion 

Fallout particles deposited on open land areas and on bare soils 
are not found to bo moved significantly by winds. 

Larger fallout particles are not expected to be moved by ruin 
except where the soli Itself is washed away, us iit heavy rains; the 
larger particles, after sovoral years on undisturbed land, probably 
never penetrate moro than 1/4 to 1/2 inch Into the soil. Soluble 
radloelomouts that loach from the fallout puitlclos from land-surface 
dotouatlono or that are deposited as worldwide fallout from high ulti- 
tudo detonations do penetrate into the soli to some degree (see Table 2). 

The average reduction in radiation intensity, owing to the surface 
roughness of the terrain in certain open areas of the weapons test site 
in Nevada, Is about 0.08. 

19 

The rate of penetration of Sr—90 into soils is reported ' to be so 
slow that no evidence was found to show significant vortical movement of 
the Sr-90 after initial deposition over a period of 8 years. 

About 85 to 90 percent of Cs«137 worldwide fallout is reportod 
to remain In tho top 2 Inches of soil." 

The shallow penetration of soluble nuclides Into the upper layers 
of undisturbed soli Is expected to reduce and delay the assimilation of 
radionuclides tn deep-rooted perennial plants and their fruits. 

The deposition of worldwide (and, perhaps, local) fallout In heavy 
rain rosults in fractional runoff of soluble radionuclldoB. However, 
tho available data on this loss from land masses in drainage systems 
are scarce; some reported data are shown in Table 3 for various environ¬ 
mental conditions, 

The radioolement, Cs-137, absorbs on soil much more strongly than 
does Sr-90, 


Water Contamination 


Analysis of river waters and of the deposition of Sr-90 in world¬ 
wide fallout, for the Ohio Itlver basin indicates that betwoen 4 and 12 

99 

percent of the Sr-90 deposited in 1959 was carried into river wators. 
Observed concentrations of Sr-90 and Cs-137 from worldwide fallout in 
lake and river waters (up to about 19G1) are reported''* as being 0,1 to 
1.0 picocurios per liter for Sr-90 and 0,05 to 0.2 picocurios per liter 
for Cs-137, with a yield ratio of 1.7; the concentrations of Cs-137 are 
thus lower than those of Sr-90 by factors of 7 to 15, 

Estimates of the yearly worldwide fallout deposit that eventually 
finds Its way to the sea through runoff wnters have been reported to be¬ 
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Table 2 


PENETRATION OP SR-90 IN NEW YORK AREA SOILS IN 1958* 


Layer 


Fraction of 

Radioactivity 

in Soli Layer 


Depth 

Dark Loamy 

Yellow 

Yellow 

Pale Brown 

Pink 

(Inches) 

Gravel-Sand 

Coarse Sand 

Sandy Loam 

Silty Loam 

Sandy Loam 

0-1 

0.33 

0.49 

0.62 

0.73 

C. 71 

1-2 

0,24 

0.23 

0.14 

0.13 

0.18 

2-3 

0.13 

0.09 

0.06 

0.06 

0.05 

3-4 

0,16 

0.07 

0.05 

0. 03 

0.03 

4-5 

0,05 

0.05 

0.03 

0.02 

0.01 

5-6 

0.01 

0.04 

0.02 

0.00 

0.01 

6-12 

0.03 

0.04 

0.04 

0.01 

0.00 

12-18 

0.03 

0,03 

0.02 

0.01 

0.01 

18-24 

0.02 

0.02 

0.02 

0.01 

0.00 

Depth for 

0,5 of Total 






Activity 
(inches) 

1.7 

1.0 

0.7 

0.5 

0,5 


a From Reference 19 
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Table 3 


FRACTION OF SR-90 IN THE RUNOFF WATER FROM CROP LAN» a 


Crop 


Fraction oi' Deposited 
Sr-90 in the 
Runoff Water 


Fraction in the Runoff 
Runoff Water per Water 
Inch of Rainfall (inches) 


LaCrosse, Wisconsin; 16 percent slope; 
March-August 1957; Fayette silt loam 


Corn 0.045 

Oat 0,041 

Clover* 3 0.0035 


0.0020 0.93 

0.0018 1.25 

0.00016 0.15 


Tifton, Georgia; 3 percent slope; 
March-December 1957; Tifton loamy sand 


Corn 

Oat* 3 

Peanut 


0.014 0.00034 1.32 

0.0044 0.00011 0.37 

0.014 0.00035 1.20 


a From Reference 21 

b Ground cover established before the measurements were started 
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between 1 to 10 percent for Sr-90 and 2 to G percent for Cs-137. The 
amount of local fallout in the runoff water would be expected to be less 
than these percentages. 


The ratio of Sr-90 concentrations in well water to those in surface 
waters (from worldwide fallout) has been reported to be about O.OG.^ 3 '^' 1 
However, the supply of data is meager for this ratio: the ratio may be 
inaccurate because the sources of the concentrations are not known. 


The larger fallout, particles in local fallout will fall to the 
bottom of exposed water supplies. Small particles may be suspended; 
the soluble nuclides would be expected to be dissolved initially Into 
the water. Very few data are available on the contamination of real 
water sources by local fallout. 

No data are reported on the amount and rates of depletion of radio¬ 
nuclides in fallout from water due to adsorption by bottom materials, 
assimilation by aquatic plants, or dilution by rain. 

Data on the movement of radionuclides in streams are extremely 
scarce. 


Plant Contamination 


Some fragmentary data on the external and internal contamination of 
plants by worldwide fallout are summarized in Reference 23, Available 
data on the external contamination of plant foliage obtained at field 
tests and in Costa Rica are summarized in References 9 and 10. 


Animal Contamination 


Cattle were contaminated with fallout from Shot Trinity (1945) re¬ 
sulting in an estimated skin dose of 39,000 rads in 2 weeks.^ Data on 
other such events are not generally available. 

No reliable method exists for estimating the degree of the contact 
hazard for animals exposed to fallout during deposition. 

Internal contamination data from worldwide fallout are illustrated 
by the summaries in Tables 4 and 5. 

A summary of some available data and the discussion of that data 
in terms of animal assimilation model(s) are given in the second section 
of this report. 


Human Contamination 

The contamination of humans by fallout from nuclear explosions is 
a possibility that often has been overemphasized in past civil defense 
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Table 4 


DERIVED VALUES OP CONSTANTS A* AND B° 
FOR WORLDWIDE FALLOUT SR-90 CONTAMINATION 
OF MEAT, POULTRY, AND EGGS a 


b 



A? 

/ atoms/gm J 

, a ‘ V 

1 atoms/gm 1 

Food 

\atoms/sq ft-month/ 

\atoms/sq f t/ 

Beef and pork 

2.8 x 10~ 5 

0.31 x 10' 6 

Poultry 

5.9 X 10~ 5 

0.4? X 10~ 6 

Eggs 

4.3 X 10~ 5 

•0 

la 8 X 10 


a From Reference 23 

b These values are six times the 6-month average values; 
Aj was determined by taking Aj/Bj equal to 15 for beef 
and pork and 20 for poultry, as based on the 6-month 
ratio averages for many of the food sources of these 
animals. The constants are for the relationship 

C° (atoms/gm) = A^tt) + B°N° 

where N A (t) is the average number of atoms/sq ft 
deposited per month and Nj is the total number of 
atoms/sq ft. deposited up to July of the year. 




Table 5 


SUMMARY OF DERIVED VALUES OF A® AND a* 

FOR WORLDWIDE FALLOUT SR-90 AND CS-13? CONCENTRATIONS IN MILK 



/ atoms/liter i 

/atoms/liter j 

Reference 

Vatoms/sq ft-month/ 

\atoms/sq ft/ 


Sr-90 


26 

USA selections 

0.12® 

0.0037 

26 

USA selections 

0.073 

0.0032 

New York 2 ** 

0. 14 

0.0022 

26 

San Francisco 

0.14 

0.0012 

23 

Average 

0. 16 

0.0034 


Cs-137 


Midwest USA"' 6 

0. 42 b 

~0 


a Six-month rate times six; see Table 4 for definition of A 
b Assume Cs-137/Sr-90 = 1.7 
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and other weapons 
gamma hazard. 


effects literature relative to the early-time external 


A small amount of data on the contamination of hair, hands, 

a iq r> 

and clothes by airborne particles was obtained in Costa Rica. ' 


The major historical reference incident in which the effects of the 
contact hazard were evidenced is the exposure of the Marshallese in 
1954. 27 It is expected that this hazard would be much less severe In 
western countries where the dress habits and personal hygiene nabits are 
different. 


No reliable method exists at the present time for estimating skin 
contact hazards in various nuclear war conditions of fallout; the esti¬ 
mating procedures for computing contact doses for fallout situations 
suggested in Reference 12 are probably not suitable for fallout conditions. 

The data on the assimilation of radionuclides by humans are discussed 
in all sections of this report; both the accuracy of the data and their 
interpretation regarding consequences are subjects for further study, 
research, and analysis. 

The OR values (i.e., the ratio of the relative concentrations of 
Sr-90 and Ca in tissue to that in the diet) for uptake of Sr-90 in humang^ 
from food source contamination by worldwide fallout have been evaluated. 

The OR values are as follows! (l) 0.3 for whole body/diet; (2) 0.5 (0.44 
to 0.54) for blood/diet; (3) 0.22 (0.16 to 0.29) for bone/diet( (4) 0,1 
for milk/diet; and (5) 0.6 for fetus/mother. 


Patterns of Damage and Recovery Phenomena 

External Gamma Radiation 

The delivery of the external gamma radiation exposure dose to bio¬ 
logical species at given locations in a fallout field is generally in 
the form of an acute or short-term damage phenomenon. For example, at 
many locations In the country that would receive heavy fallout deposits 
following a nuclear attack, about 70 percent of the exposure dose would 
be delivered in 1 week,and over 60 percent would be delivered the first 
month after the attack. 2 In 1 year, the gamma radiation from the fission 
products is about 6 X 10“5 0 f the standard intensity (r/hr at 1 hr); thus, 
for very high fallout levels (order of 10° r/hr at 1 hr), the chronic 
exposure dose rate would be between 1 and 6 r/hr at 1 year unless apprec¬ 
iable decontamination by weathering or by humans occurred. 

Although small areas of the country that received heavy fallout 
deposits in an attack may have appreciable levels of chronic radiation 
rates after a year's time, the major damaging effects on biological 
systems would be caused by the high exposure dose delivered during the 
first month or so after an attack. Therefore, in terms of an ecosystem 
time-scale, the injury Is primarily the result of an acute assault rather 
than a chronic one. However, this use of the term "acute' is not precisely 
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the same as is used for experimentally determined acute exposure dose 
effects on a single biological species. In the latter usage of the two 
terms, the real pattern of the accumulation of external dose from fall- 
out radiation is neither acute nor chronic; further, In most experimental 
evaluations, the biological response to chronic exposures is usually 
determined for a constant exposure rate. 

The usual pattern of dose delivery in oxperimontal evaluations of 
biological responses to radiation exposures Is not similar to the pat¬ 
tern of dose delivery from radiation exposures in fallout. Because a 
given biological response is obtained in experiments from widely differ¬ 
ing total exposure doses, depending on whether the pattern of delivery 
is acute (very short) or chronic, the response data from these experi¬ 
ments are not readily applicable to the pattern of dose delivery from 
fallout radiation. Because of these differences, many questions arise 
about the application of currently available biological response to 
exposure doses from fallout radiation; although this difficulty has been 
recognized for a long time, appropriate attention to it has not yet been 
reflected In the data output of experimental programs. Experimental 
biological response data for the exposure pattern from fallout radiation 
are therefore still required for evaluating the radiological consequences 
from nuclear attacks. 


Other areas of biological response to radiation exposures that need 
experimental attention appear to be ( 1 ) biological response to variable 
intermittent exposures; ( 2 ) biological functional responses (i.e., work 
efficiency, general health, susceptibility to other diseases, etc.) to 
long-term exposures to low-level radiation; and (3) Increased efforts 
on basic experimental programs for determining and evaluating biological 
repair and recovery mechanisms. These general data needs apply to all 
important biological species (humans, animals, plants, and insects). 


The current state of knowledge on the short- and long-term effects 
of radiation on humans has been summarized ; 23 these subjects arc not 
discussed further- in this report. The use of the effective residual 
dose, ERD, in damage assessment studies is discussed below. 


The radiation sensitivity of several higher vertebrate animals is 
summarized in Table 6 In terms of the (50 percent deaths) In 30 days 

for a brief exposure to gamma rays. Although it is assumed that the data 
apply to a multilateral radiation source in which the whole body of the 
animal Is exposed to radiation, this exposure geometry is not specified 
in the referenced reports. For unilateral or beam radiation sources, the 
value of the LD 50/30 days would be higher than for a large area source 
of radiation, Also, the mean photon energy of the radiation sources used 
to obtain the data is not specified; the data probably consist mainly of 
results of experiments using Cs-137 (0,7 Mev/photon) and Co-60 (1.25 
Mev/photon) sources. 

When a biological response Is expressed in terms of dose, such as 
the I'Dqqi and also in terms of the time required for the response to 
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Table 6 

T0 BRIfcF KM'OSUHES 
IN EXTERNAL GAMMA RADIATION FIELDS 
IN TERMS OF THE LD^IN 30 DAYS a 


LD 50 /3 ° 

(roentc-ens) 


Species 


Dog 

Guinea pig 

Goa t 

Mouse 

Swine 

Sheep 

Cattle 

Rat 

Burro 

Monkey 

Rabbit 

Poultry 


From References II, 28, 29, and 30 : 

ie listed LD 5 Q /30 values were used 
in the calculations described in 
.hi, report. Ollier U , 50 /00 values, 
difftimg from those listed by ns 
much ns a factor of 2 , are reported 
t« References 93, 94 , and 95. Some 
of these ore: dog, 319; sheep, 380; 
burro, 375; swine, 390; rat, 936 
and mouse 940- The basic caused of 
these differences remain to be 
clarified. 
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occur (i>«.• I*0^0 in 30 days), the value of the dose Is Increused for 
an equivalent response in a shorter period. Thus the value of an LD 30 
in 10 days is generally much larger than tho value of an i< U 50 tn 30 days. 
Also, if the exposure is at a lower dose rate, the exposure dose giving 
an indicated response is largor than for the brief, or acute, exposure 
as mentioned above, For example, where the LD^q for the burro for n 
single exposure is 780 roentgens, tho value of the burro LDg 0 at a con* 
slant dose rate of about 50 roentgens per day is 1,500 roentgens; for 
the pig, the two LD^q values are 610 roentgens per exposure and 8,500 
roontgens at 50 roentgons per day, respectively. 11 

Mortulity-exposuro dose relationships are usually derived from bio¬ 
logical response data using standard error curves; the latter are then 
used to determine the hDgo values (or other responses); the dose is 
expressed either directly in roentgens or as logarithmic units of the 
dose. For most unimuls, the mortalitv-dose distributions are very nar- 
row; thus the dose at which 100 percont mortality occurs is only a 

relatively small increase in dose over the threshold dose for mortality. 
Thus, it damage assessment studies, the LD 50 for such species can be 
used as a step function separating the survivors (inoluding those receiv¬ 
ing slokness doses) and those killed. However, for the pattern of ex¬ 
posure dose acounulation for the gamma radiation from fallout mentioned 
above, no reliable guidance is available on the time limit (say, in excess 
of 2 to 4 days) on tho computed exposure doses that can be used to make 
reliable comparisons with the reported biological response (such as the 
LD 50 ) for a brief doso. In addition, the extension of laboratory data 
to operational situations (even for animals) requires information about, 
variabilities in responses due to the differences in age, state of health, 
and other such factors for application to a heterogeneous population. 

The dependence of the LD_ 0 mic * other biological responses of animals 
during and after exposures to ionizing radiations on the energy of the 
radiation, rate of dose accumulation, time of exposure, and other factors 
is reviewed in detail by Tnan; data are cited to illustrate the influ¬ 
ence of type and quantity (i.e., energy) of radiation, total doso, dose 
rate, dose fractionution, relative biological effectiveness, animal 
species, and animal uge on the response (especially) of tho mammalian 
animals to radiation. Physiological factors are also involved in the 
response but, as mentioned above, their nature and effect on the response 
are not known. 

A few 50 percent mortality values for brief exposures of fish and 
shell animals are given in Table 7. Although it is unlikely that sea¬ 
water fish would receive lethal doses from fallout in a nuclear war, 
furthor analysis should be done to verify that lethal exposures to fresh¬ 
water fish (or aquatic animals that live on harbor or beach bottom) would 
also be au unlikely occurrence. 

A few data representing the mortality response of insects to gamma 
radiation are given in References 5, 14, and 31. For insects, it is 
especially important that the radiosensitivity and response be known 











for their wlwl« life cycle, so that the effect of exposure to nuoloar 
radiation on the whole population cun be evaluated. With Insects, this 
requirement is more important than for other species baoause of the cu¬ 
pidity of the reproductive process and of the extreme range in radtosen- 
sitivity of some species over their life cycle. Thus, for parts oi this 
augment of the biosphoro, the "ueute" time pattern of tho radiation injury 
(i.e., about 2 to 4 weeks) oould be, in effect, similar to a chronic, or 
long-term, Injury for other biological species, 

beta on the response of insects to beta radiation are needed because 
Oi tuo proximity of many of the insect species in their habitats on the 
ground or on low vegetation whore the fallout particles would deposit. 
Since rad-to-roontgen (at 3 foot above a plane source of emitters) ratios 
of 10 to 100 are possible for the radiation source geometries In which 
many insects live and ©at, their beta doses could be very largo compared 
with those for the larger animals. Although the beta particles would 
hot penetrate the shells of many .insect species, not ail insects are 
completely surrounded with thick-shelled exteriors, and, even so, the 
soft photon and bremsstrahlung intensities also would bo increased many- 
fold at close range from the fallout particles. 

The reported biological response of insects, mainly for X rays, ia 
very limited in scope. It. is quite likely, moreover, that the available 
reported data are not applicable to gumma radiation from fallout; the 
reported data, us mentioned above, are definitely not applicable to those 
species where the combined beta-gamma rudlution should be considered. No 
biological response data appear to be available on tho radiosensitivity 
of several important ubiquitous insects. Research on tho biological 
response to radiation for these unite of the biosystom are needed to 
evaluate the role of insocts in the postattack repair and recovery of 
rural and wild land ecosystems. 

The response of plants to nuclear radiations (especially external 
gamma radiation), called radi©sensitivity, is manifested in several wavs. 3 
These include (1) genetic effects that may bo recognized only in subse¬ 
quent generations, (2) inhibition (and, occasionally, stimulation) of 
growth, (3) reduction of reproductive capability, and (4) death, That 
is, ionizing radiation ol appropriate oxposuro doses and exposure patterns 
can increase, slow down, stop, or alter the subsequent patterns of plant 
growth Some of the specific known factors involved include (1) tho 
exposure schedule (acute, chronic, or fractionated). (2) the pl'-.nt part 
exposed and the geometry of exposure, (3) the plant species. (4) the 
stage of Plant development. (f>) the physiological condition of the plant, 
and 0>) the climate and other environmental conditions (soil, fertility, 
etc, ). 

Needless to say, very little quantitative data on tho basic relation¬ 
ships among these six factors on plant radiosensitivity have been studied 
and roported. Sufficient data are available for identifying the more 
radiosensitive plant species and the characteristics of each that influ¬ 
ence its response to radiation. 






Some of the* easily observable biological responses ol' plant parts 
(all parts exhibit response) are: (1) roots -•-’rod tie t ton of growth anti 
Inhibition of now root formation; (2) stems—dwarfing, excessive branch¬ 
ing, local swelling, faaclatlon, formation of adventitious roots, and 
tumor growth; (:t) leaves —reduced I>|a>le development, dwarfing (asymmetrical 
blades), abnormal velnation, decrease in chlorophyl1 (discoloration), and 
change in texture (older loaves become dry, brittle, and coarse and young 
leaves thicken and become leathery); and (4) buds and flowers—retarded 
formation, reversion to vegetative growth, fasciation, and changes In 
color and form. 

Notable changes in plant growth habits after exposure to critical 
doses of radiation include the early dropping of leaves (deciduous trees) 
anti the retardation of bud and new-shoot formation. The roduction in 
reproductive capability after exposure is related to the effect on vege¬ 
tative growth (plant vigor), the retardation of flowering, and the direct 
damage to the parts of the cell;* that participate in the reproductive 
cycles of the plant.' The extreme combination of all the various rad¬ 
iation damage manifestations results in death of the plant. 

The relative radiosensttivity of plants ranges over a factor ol‘ at 
least 5,000 from algae and bacteria, which are the most resistant or 
least affoeted by radiation, to the gymnosporms, which are among the 
most radiosensitive of the plants. Among the higher plants, the range 
in chronic, or protracted, doses to produce a similar biological rosponso 
is the order of a factor of 500. 

The reduction of vegetative growth of plants alter exposure to 
nuclear radiation is apparently caused mainly by a roduced rate of coll 
division: since reduced growth is usually tho first gross observed effect 
of the exposure, it is^ollcved that tho apical maristem regions are 
highly radiosensitive." The radiosensitivity of young growing plants 
is probably highest, Growth retardation appears to have a threshold 
dose; much of tho plant growth retardation data can be represented by 
a funci.ion of the form 



exp 


V' - 


VJ 


(i) 


where G is the growth characteristic lor an exposure dose of D roentgens, 
0 o is the characteristic for the controls (zero dose), D is the threshold 
dose, and is a growth retardation coefficient. Some values of and 
D Q for different plant species, as derived from reported data, are shown 
in Table 8. 

Basic relationships between plant cell nucleus ctiaracterlstics tytid 
radiosensitivity recently have been derived by Sparrow and Woodwelj 
from correlations between these characteristics and data on the response 
of plants to external gamma radiation. The cell nucleus variables include 
(!) cell nucleus or chromosome volume, (2) cell nucleus UNA content, 
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Table 8 


ESTIMATED PLANT RETARDATION THRESHOLDS 
AND GROWTH RETARDATION COEFFICIENTS 
FOR SOME PLANTS EXPOSED TO GAMMA (AND X) RADIATION a 


Species 

Response 

k ° -1 
(roentgens ) 

D 

o 

(roentgens) 

Time of 
Total 
Exposure 

Pinus strobus 

(seedlings) 

Leader length growth 

4.6 X 

10 

910 

15 

months 

Taxw med. cv. 
ha ieldli 

Number of growth buds 

1.3 X 

10 -3 

850 

12 

months 

Quercus alba 

Number of leaves 

2.3 X 

10- 4 

5,500 b 

6 

months 

Pinus regida 

Terminal growth 

- 


360 

6 

months 

Quercus alba 

Terminal growth 

- 


1,800 

6 

months 

Wheat 

(seedlings) 

Growth 

- 


250 

acute dose 


a From References 32, 33, 34, and 35 

b Cs-I37 source; unmarked numbers are for Co-60 source 

c Maximum growth retardation occurred for exposures at 2 days after 
germination; X-radiation 
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<3) chromosome number and ploidy, and (4> other cytological characteristics 
such as the number and position of centromeres in the chromosome and the 
amount and distribution of heterochromatin. These and other factors that 
affect the reproductive capability of plant populations after exposure 
to gamma radiation a**e discussed in detail in Reference 32, Empirical 
correlations of the relative amounts of chronic exposure dose that cause 
different types of biological response in herbaceous annuals are given 
in Table 9; such correlations are useful for estimating the exposure 
doses for different plant responses (during the period of active growth, 
mciosis, and seed set) from information on the exposure dose for any one 
type of response. 

Low levels of radiation are often observed to cause growth stimula¬ 
tion but no proposed mechanism for this stimulation was found reported. 
Also, low-level radiation of seeds is often found to result in an increase 
in crop production. The quantitative aspects of these biologically favor¬ 
able responses were not investigated during this study. 

In general, the currently available reported data on the radiosensi¬ 
tivity of plants provide much useful basic information regarding the re¬ 
lationships among plant responses to radiation and their cell nucleus 
characteristics. The quantitative response data, however, do not apply 
either to the dose rate variations with time that would be characteristic 
of fallout from nuclear weapons or to the duration of the external gamma 
hazard from fallout. Also, the effects of beta radiation on growing 
plants have not been determined. While it may be appropriate to neglect 
the consideration of beta radiation effects on the larger plants, the 
same is not true for smaller plants. The proximity of fallout particles 
to sprouting cereals, grasses, and other small plants with thin-shelled 
stems would certainly cause these plants to be affected by the short- 
range beta particles. On the other hand, many data on the response of 
plants to gamma radiations have been obtained on the more sensitive 
seedling plants. Even with gamma radiation studies, relatively little 
or no work has been reported on the effects of radiation on the produc¬ 
tivity and properties of standard food crops under field conditions; 
however, work has recently been initiated to study such effects. More 
realistic representation of exposure patterns that could result in fall¬ 
out environments and emphasis on economically valuable plants are needed 
in future research programs on the radiosensitivity of plants. 

To be useful in i.amage assessment studies, the sensitivity data on 
plants should include (l) exposure dose rates that decrease with time in 
the same way that the dose rates from fallout decrease, (2) the employ¬ 
ment of exposure schedules that are initiated at various stages of plant 
growth, (3) the use of multilateral exposure configurations (fallout 
geometry), (4) the use of exposures starting at different seasons or 
times of the year (as in 2), and (5) beta plus gamma radiation exposures 
on selected plants. 

Many environmental factors can affect the response of plants to 
ionizing radiation. These include (1) the geometry of the radiation 
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Table 9 


PLANT RESPONSE RELATIVE TO MORTALITY (LD 100 ) 

OF HERBACEOUS ANNUALS FOR CO-60 GAMMA RADIATION 11 
(Exposure Times from 8 to 12 Weeks) 


Response 


Fraction of 
LDi 00 Dose Rate 


Normal appearance 
10 percent growth reduction 
Failure to set seed 
50 percent growth reduction 
Pollen sterility (100 percent) 
Floral inhibition or abortion 
Growth inhibition (severe) 
ld 50 
LD 100 


0,11 

0,26 

+ 

0.02 

0.31 

± 

0.06 

0,34 

£ 

0.04 

0.41 

± 

0.04 

0.44 

± 

0.04 

0.58 

i' 

0.03 

0.75 


0.02 

1.00 




a From Reference 32 
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field; (2) the location of the more radiosensitive plant part9 (the meri- 
sterns) with respect to natural shielding (roots ure shielded by the earth 
over then); (3) shielding by snow or other denser vegetation (such as 
large trees), the general density of plant growth, and the height of the 
plant tops; (4) the type of ionizing radiation and its energy; (5) the 
growth rate or rate of cell division; (6) climatic stresses (drought, 
heat, cold, etc.); and (7) insect and disease attack. 

These factors should also be considered in future experimental 
programs to some degree. All are difficult to evaluate Individually 
and without experimental data; some information on each factor is needed 
to make crude estimates of the fate of plant populations in possible 
nuclear war fallout environments. 

In summary, the current information on plant radiosensitivity indi¬ 
cates that correlations of the responses of plants to external radiation 
with plant cell nuclei characteristics have successfully revealed methods 
for estimating the response of other plants from their cellular character¬ 
istics, at least under certain types of protracted exposure conditions. 

On the negative side, correlations and data for describing the response 
of plants (especially food crop plants) to short exposures and variable 
dose rates similar to those from fallout radiation dose rates are rela¬ 
tively scarce. Rough comparisons of the plant radio3ensitivity data 
with the pattern of exposure doses from fallout radiation indicate that 
the severe plant growth inhibition in the more radiosensitive plants 
would begin at levels of about 1,000 r/hr at 1 hr and, for the more 
radioresistant species, at levels of about 500,000 r/hr at 1 hr. However, 
germinated seedlings (small young plants) appear to be most radiosensitive 
a few days after germination; for these young plants, severe growth in¬ 
hibition effects are observed to begin at doses of a few hundred roentgens. 
In older plants, the most radiosensitive tissue is that in the new young 
growth of the plant, 

Decause of the variability in radiosensitivity of plants with species, 
age of plant, and period between growth and reproduction cycles, the 
gross effects in plant population from exposure to gamma radiation would 
depend a great deal on the time of year, and, perhaps, of month, when the 
attack occurred. It would also depend on the targeting for many agricul¬ 
tural areas; the midwestern state areas, for example, could receive high 
levels of fallout from surface detonations on missile sites In neighboring 
states and in the Rocky Mountain area. 


Internal Radiation 


The pattern of radiation exposures of himans, animals, plants, and 
insects after a nuclear war would depend mainly on the uptake and assimi¬ 
lation of biologically available (soluble) radionuclides by the various 
species. The various processes involved in the entry of the radionuclides 
into food chains (or webs) and the data available for evaluating the pro¬ 
cess mechanisms are discussed in the second section of this report. 
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The general assessment of the available input data is that, in 
spite of all the published work, the available data are generally frag¬ 
mentary, incomplete with respect to continuity of processes, incomplete 
with respect to radionuclide coverage for the economically important 
biological species, and incomplete in many cases with respect to the 
measurement and reporting of obvious important control variables. The 
specific weaknesses in the currently available input data for developing 
the uptake models, as well as examples of the excellent reported work 
and applicable data, are noted in the following sections of this report, 
in part, by the assumptions used to complete the models, by the types 
of methods used in the data analysis and correlation, and by the data 
used in the model development. 

The internal radiation hazard from, fallout is characterized mainly 
by the fact that, at least in humans and other large vertebrate animals, 
most of the radiation sources (e.g., radioactive atoms) tend to concen¬ 
trate in specific body organs and that the assimilation occurs according 
to the biochemical properties of specific radionuclides. Thus, in assim¬ 
ilation processes, it is not appropriate to consider the fission product 
elements as a single source of internal radiation; evaluation of the in¬ 
ternal hazard must consider the behavior patterns of each individual 
radioelement in the fallout. 

In terms of possible injury to various species in the biosphere, 
the internal radiation may be both acute and chronic. For the larger 
animals, two factors would tend to limit the significance of acute injury 
from internal radiation. First, in areas of heavy fallout, the injury 
from external gamma radiation would precede internal radiation injury 
because the latter requires time to build up in the food chain; death 
due to exposure doses from external radiation would limit further uptake 
by the animals so exposed. Second, the rates of assimilation are con¬ 
trolled by the rate of buildup of the radionuclide concentrations in 
plant and animal foods and by the rate of food ingestion. Thus the 
pattern of internal ingestion and radiation is one in which the concen¬ 
trations of the radioelements increase with :ime, reach a maximum, and 
then decrease or remain essentially constant, depending on the ingestion 
rates, the biological elimination rates, and the radioactive decay rates 
for the radioelement and body organs and food sources involved in the 
process. 

Few data that describe the biological response of animals to ingested 
internal emitters are reported. For example, the following data are given 
as part of the text in Reference 11; these data can be used to estimate, 
roughly, the lethal or near-lothal internal body concentrations of some 
larger animals; 

1. A dose of 50,000 rads or more (brief period) to the thyroid of 
sheep from assimilated 1-131 is required for ablation; if the 
thyroid dose is 100,000 to 150,000 rads over a period of about 
a month, sheep will show some evidence of the total-body radi¬ 
ation syndrome. (A similar response is likely for other animals 
with the same body burden of 1-131 per unit weight of total body.) 
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2. Tho lethal dose from a single ingestion of Sr-90 in swine results 
if the body burden exceeds about 1.3 x io 1 almas of Sr 90/kg 
of body weight* 


3. 


For goats, 
G.l x io l6 


a lethal dose results if tho body burden exceeds 
atoms of Sr-90/kg of body weight. 


4. For most animals, it is expected that a lethal dose results if 
the body burden exceeds 6 X 10 1 atoms of Sr-90/kg of body 
weight, 

5, If the body burden of Cs-137 in cows and sheep (and porhaps 
other animals) exceeds about 5 x 10 lt! atoms/kg of total body 
weight, the animal will probably show evidence of the total- 
body radiation syndrome. 


The type of data needed for evaluation of biological response to 
internal ingestion of radionuclides for adult sheep is illustrated In 
Table 10. 


The uptake, elimination, and absorbed doses of humans from radio¬ 
nuclides in fallout will depend on the degree of contamination of crops, 
the uptake in edible parts of animals, and on the distribution of these 
foods in the diet. The earliest internal hazard after a nuclear war 
probably would arise from the consumption of contaminated water, fresh 
milk, and fresh green vegetables. For an attack during the growing 
season, radionuclides such as 1-131, Sr-89, and Ba-140 in these foods 
would contribute most to the absorbed dose of various body organs. For 
an attack during the fall or winter, the Sr-89 would most likely be the 
predominant contributor in these same food sources from the spring peak 
of worldwide fallout. The longer-lived radionuclides from both foliage 
contamination and root uptake processes in foods would be Ru-106, Sr-90, 
Cs-137, C-14, and K-40, and possibly other long-lived neutron-induced 
radionuclides in the fallout. 


The data on absorbed doses from ingestion of radionuclides by adult 
humans have been developed in a significant research effort conducted by 
K. Z. Morgan and co-workers^ 7 over the past 10 years. Similar sets of 
data for the absorbed doses for young people during their growing years 
have not been developed. A bone model was developed by Kulp ot al 1 for 
the uptake of Sr-90 in worldwide fallout. Models for estimating the 
absorbed dose from assimilation of radionuclides in organs of humans 
have recently been developed; applications of these models in this 
study for estimating absorbed doses for lusnan organs are given in the 
third section of this report. 


Operational Recovery Criteria 

The repair and recovery, or healing, after injury appears to be a 
generally recognized persistent and characteristic phenomenon of biological 
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Table 10 


SINGLE ORAL INGESTION LEVEL OF SEVERAL RADIONUCLIDES 
BY ADULT SHEEP CAUSING SERIOUS INJURY OR DEATH* 


Radionuclide Serious Injury 


Ingestion Level 

(atoms ingested/kg body weight) 
b Lethal (LD../30) 


50 


Sr-90 

4.7 

X 

10 16 

4.7 X 

io 17 

1-131 

7.4 

X 

10 12 

5.G x 

10 14 

Cs-137 

2.5 

X 

10 16 

2.5 X 

io 17 


a From Reference 11 
b Type of injury not specified 
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systems. Thus, when it is observed that the response both of plants and 
animals (including htmuns) to radiation exposures is less if the time 
period of delivory of a given total dose is longer, biological recovery 
of the injury with time is inferred. While the phenomenon of biological 
recovery appears to bo generally recognized, the quantitative nature of 
the rccovory processes and the use of the concopt of biological recovery 
in operations planning are not agreed upon by radiobiologists (regarding 
the representation of tho recovery process) and by operations analysts 
and planners (regarding the use of the criteria derived from the repre¬ 
sentation) . 

The following discussion of the biological recovery process for 
radiation injury, and of one of the proposed representations of the 
recovery process for hitmans, emphasizes the use of a representation of 
the recovery process in damage assessment studies and in criteria for 
operational recovery. The technical data and technical aspects of repair 
and recovery in humans are described in Keference 39; here the recommen¬ 
dations of Reference 12 are assumed to be a reasonable representation of 
the recovery process in humans (i.e., that the biological repair or 
recovery rate is 2,5 percent per day of 90 percent of the exposure dose 
and that 10 percent of the exposure dose is not repaired). The biological 
recovery formula gives what is called the effective residual dose (ERD). 

One fundamental aspect of biological repair and recovery is that 
biological systems that receive damage or injury greater than a certain 
level will not recover. Thus on upper limit of exposure dose exists for 
which biological recovery can be considered; by definition, this upper 
limit of exposure dose must be loss than the dose that results in death. 

In other words, it is not appropriate to apply biological recovery cri¬ 
teria to a response such as death. This rather simple interpretation 
of what is meant by biological recovery is neglected in many damage 
assessment studies where the ERD (usually in the form of its maximum 
value) is used incorrectly to compute the number of people killed by 
radiation from fallout. 

The second point of misuse of the ERD formula in damage assessments 
is that its definition is given in terms of a constant rate of chronic 
exposure, whereas in the damage assessment models the exposure rate is 
always defined to decrease with time according to or other similar 

function of time. This misuse, however, does not receive much criticism 
and probably is not important because it tends to limit the time over 
which the largest fraction of the dose is received and thus tc reduce 
any error due to inaccuracies in the recovery formula. 

Most of the currently used fallout models include methods for esti¬ 
mating the potential ERD or total exposure dose (i.e., the outdoor doses) 
by assuming or computing an "effective" fallout arrival time at which 
the fallout is all deposited instantaneously. However, none oi the 
reported computational methods that use this approximation for calcu¬ 
lating the ERD or exposure dose during fa..out arrival cite data for 
the reliability of the dose estimates fr m use of the "effective" arrival 
time as a mathematical technique Additional complications in dose 
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s inittting arise owing to the fact that people may move about within and 
out of sheltered locations with different shielding attenuation factors. 

In such situations, the problem of estimating the individual ERD or ex- 
posure dose of people (or even the distribution of doses among the people) 
to a given degroo of accuracy is impossible without specifying, ahead of 
time, what the movements of each individual will be. The normal procedure 
in estimating doses Is to make rough estimates of the fraction of the time 
that people spend, on the average, in various types of sheltered and un¬ 
sheltered locations. However, In all such cases, the computation of the 
ERD is more complicated than that of the exposure dose. 

Another difficulty in the current applications of the EIU) formulation 
is that it cannot be measured and used directly in postattack operations. 
The dose und dose rates are physical quantities obtained from radiation 
detection instruments without compensation for biological recovery factors. 

While the problems in interpretation and use of the liKD representation 
appear to be numerous, some clarification can be made. In the first place, 
use of ERD in computations and in protective system design criteria is to 
be made only in reference to exposures of people and animals (and plants) 
that do not become casualties. Another way of stating this is that the 
ERD (and the implied biological recovery) applies only to those biological 
units that are able, after radiation exposure injury, to carry out normal 
functions. Thus, for humans, the recommended maximum dose is 200 roentgens 
ERD. *^“ In terms of postattack recovery assessments, the interpretation 
regarding the operational implications is that all persons that receive 
about 200 roentgens ERD, ox' less, are counted as not being injured by the 
dose to the extent that they could not bo part of the normal work force. 

The people in this Injury category (i-e.. those receiving between 0 and 
200 roentgens ERD) therefore would be expected to recover and carry out 
normal functions. 

Persons that receive larger exposure doses than those resulting in 
200 roentgens ERD would sustain increasing biological injury resulting in 
serious sickness and, eventually, death. The expected 100 percent mortality 
dose for prompt exposure of humans is reported to be from 600 to 1,000 
roentgens. 0 If this range of exposure dose reprosonts certain mortality 
for a prompt exposure, then it is reasonable to conclude that the fraction 
of mortalities of persons receiving 600 roentgens in 4 days or 1,000 roent¬ 
gens in a month (from a rapidly decaying radiation source such as that of 
the radioactivity in fallout) would bo very high. 

The above information can be utilized in damage assessme.it studies 
in the following way: (l) the number of people expected to be uninjured 
or to recover would be computed on the basis of the 200 roentgen ERD limit; 
(2) the number of people expected to die are those computed to receive 
600 roentgens in 4 days or 1,000 roentgens in a month; and (3) the number 
of people counted as casualties are those not otherwise accounted for; some 
of these will die; the remainder will recover. Without further definition 
of the (lose distributions among those in this latter group, the median out¬ 
come might be that 50 percent of them recover. 




The medical burden on the healthy survivors In the postattack period 
(considering only radiation injury) would be determined by the number of 
people in the third injury category (the casualties); the treatment and 
care of this group would be one factor in determining how many of them 
recovered, how many died, and how many woro permanently disabled. Future 
research should be concerned with tho fate of pooplo in the third category 
(also for animals and other biological species for which a similar set of 
categories of radiation effects can be established), 

One representation of the three radiation injury categories for humans 
is shown in Figure 1. In tho figure, the effective standard intensity, 
IjRN, Is plotted against the time after detonation, t <? , of entry into an 
area covered with fallout The HN term is the Inverse of an effective 
protection factor, so that the boundary standard intensity between two of 
the three categories is directly proportional to the protection factor. 

The time, t e , may represent the effective (instantaneous) arrival time of 
fallout, the time of entry into an area covered with fallout, or the time 
of exit from a perfect shelter. 

The decay curve from which the 200 roentgens ERD and the other expo-" 
sure doses shown in Figure 1 were obtained was taken from Reference 2. 

The selected exposure dose criteria that approximate the 200 roentgen ERD 
max criteria are 190 roentgens per week, 270 roentgens per month, and 
700 roentgens per year, assuming an effective fallout arrival time of 
1 hour after detonation. The latter definitions would vary depending on 
the decay rate of the fallout radiation und tho time of arrival of fallout 
(from a surface detonation). 

The curves to the left in Figure 1 define the upper limit criteria 
for civil defense protective systems (not for just a single component of 
the system such as a shelter). However, the protective components are 
evaluated from the figure in order of use so that the shelter protection 
factor is considered first. It can be seen from tho insert curve in 
Figure 1 that the minimum sholtor requirements for people in the first 
category, where the fallout arrives at 1 hour after detonation, are given 
by 





<>2,5 


( 2 ) 


where Ij is the fallout standard intensity in r/hr at 1 hr, PFj is the 
shelter protection factor, and RNj is the shelter residual number. Tims 
the criteria for minimum adequate shelter for people in the first injury 
category is defined by 


I t s C2.5 PF 


( 3 ) 


33 




EXPOSURE DOSE CRITERIA OF THREE RADIATION INLfURY 
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For people In the second injury category, 


l l i 215 PFj 


( 4 ) 


and for people in the third injury category, 


62.5 PF t £ l x £ 215 


<S) 


Equations 2 through 5 give the shielding requirements for only the 
protective shelter without consideration of limiting the stay time in the 
shelter or for any out-of-shelter exposures. The representation of the 
exposure dose limitation (as a planning dose because operational require¬ 
ments may indicate the necessity of exposure doses greater than an arbi¬ 
trarily selected limit) is given, in general, by 


D* i RN 1 D 1 + RN 2 l> 2 I RN 3 D s (6) 


whore l)* is the planning exposure dose, 1)^ is the out-of-shelter or outside 
exposure dose for the shelter stay time, RN. is the effective residual 
number for the shelter, D„ is the exposure dose for crews or people that 
Miay be used for special operations outside of shelter, RN 2 is the effective 
residual number out of shelter, D 3 is the dose after permanent exit from 
shelter to 2.5 years (or infinity), and RN3 is the average residual number 
for the third period. For people that stay in shelter until the permanent 
exit time, RNgD 0 is 0. Discussion of these criteria and their relation 
to civil defense operations is given in Reference 40. 

The types of simplified civil defense system routines described in 
Reference 40, togother with operational planning dose criteria, can gen¬ 
erally be used to develop design requirements for radiological defense 
system components and operations. The representations of the exposure 
criteria can be used to determine, for a givon civil defense system, which 
routines are feasible and, in many cases, which of those feasible would be 
the optimum routine for meeting national postattack recovery objectives. 

Up to the time of this study, little evidence exists to indicate that the 
above-described criteria are being applied in damage assessment studies 
or in civil defense operations planning. The operational problems and 
supporting data for the detailed planning of decontamination operations 
aro given in Volitue II of Reference 2 and in References 41 and 42. 






Ecological Considerations 


The general ecological consequences following a nuclear war are not 
yet well defined but, in the main, appear to center on the chain of events 
that would retard or inhibit the natural recovery processes and that would 
lead to permanent denudation of the landscape, to erosion which would re¬ 
move the fertile soil layers, and to floods which would disrupt the function 
of other ecosystems as well as pollute the water sources of farmland and 
urban (human) ecosystems. The consequences of such events on the national 
economy and on the population would include, first, the loss of the exist¬ 
ing and future capital biological resources and, second, the possible con¬ 
tinued degradation of living standards in the long term. 

As previously mentioned, the major primary radiological hazards that 
would be most important in causing damage to the wild land and farmland 
ecosystems are external gamma and beta radiation and internal beta radia¬ 
tion from assimilation of radionuclides. It is significant, for the bio¬ 
logical repair and recovery processes, that the injury sustained from the 
external hazards would be more like an acute assault than a chronic assault. 
The a 'imilation of radionuclides would be mainly a chronic exposure; the 
gene* effect of radionuclide cycling in species of ecosystems, from all 
available data, appears to be mainly in the class of a long-term public 
health problem rather than a cause of injury leading to the death of bio¬ 
logical species. 

The primary effects on ecosystems, from the two major damage phenomena 
of chief concern for nuclear war considerations, are those responses lead¬ 
ing to the death or weakening of a spe. es. Secondary effects, which may 
folio., because of these primary effects, include a variety of further dis¬ 
turbances in ecosystems. For example, if an area were sufficiently contam¬ 
inated so that the exposure dose from fallout killed all the trees in a 
young pine forest in the state of Washington or all the sprouting wheat 
seedlings In the state of South Dakota, the land would be bare for a per¬ 
iod of time. Then, If heavy rains occurred prior to revegetation by weeds, 
pine seedlings, or annual grains, and If the terrain were hilly, severe 
erosion of the surface soil could occur. Less severe secondary effects 
include changes in relative numbers aril v'gor of plants ,n a mixed plant 
population and the retardation of growth »f the more sensitive plants dur¬ 
ing one growing season 

The response oi oeosysi ems. as wej I as ar m< "per spec ies thereof, 
to external rad:a 11 o: auld he evaluated in terms of (he three c;degorie. 

of i ijury discusser ii nvi-, if the data were available to do so. Such 
analyser ’ i uu expected to show that after a hypothetical attack on 
the eoanr., the landscapes in marv areas would be the same a: they were 
before z. • tack: t :at, in other areas, al'l the vegetation and an in sis would 
g-adua tly die, lea terrestrial islands without life 10 . some pe.iod 

oi ' i me: and a. • i , • a ;» band around the killed areas, areas would be to nun 
v,tae more sensitive ? pec its were killed or severely affected, and he 
; re res slant specie s would reiirti... The n lati-e size of these i Irct gen¬ 
eral postal tars enviroiufuiv and their < ■■■• ntual recovery would (at the leal) 




bo dependent on the size of the attack, the distribution of the burst 
points, the distribution of weapon yields and mix of ground and air bursts, 
the time of year, the weather during attack, and the composition of the 
ecosystems affected. Perhaps the first major ecological question is 
whether the killed areas would continue to grow in size or would decrease 
by invasion of surrounding species; the second question is what the rates 
of each process might ' and what the more important factors that effect 
these rates might be 

The major consequence of the cycling of the radioeleinents in the 
farmland ocosystems would be to provide paths for the entry and continued 
flow of these elements in the food chains of all biological species or, 
otherwise, paths for exit of these radioelements by concentration and 
retention in soils (e.g., Cs~137) or final dilution in the sea along with 
runoff water (e.g., Sr-90). 

The more subtle secondary ecological effects include the possibilities 
of increased attack by predators, such as insects, on weakened species, 
long-term genetic effects, decreased attack on species by predators more 
radiosensitive than the species, further destruction by secondary fires 
in radiation-killed forest lands, and general changes in the relative 
abundance of species in a given ecosystem. 

The most significant factor in determining the nature of the long¬ 
term ecological effects and the rate of recovery of the farmland ecosystems 
after a nuclear war would be the capability of the fanners to maintain 
control of these ecosystems as is currently done or, if control is tempor¬ 
arily lost in an area because of the presence of high levels of gamma rad¬ 
iation, the capability of the survivors to reestablish a desired level of 
control of the farmland ecosystems within a Tsonably short period of time. 

Wild land ecosystems are becoming under increased control by man 
through forest management practices, fire prevention and control, flood 
control, and other natural resource conservation programs. Thus, as for 
the farmlands, one of the more important factors in determining the degree 
of the long-term effects of exposure to nuclear radiation from fallout 
under nuclear war conditions on the wild land ecosystems would be the 
capability of man to reestablish needed control programs in the more ser¬ 
iously damaged areas. 

Considerations of likely uiclear war targets and their distribution 
over the country and the currently available protection systems for humans 
lead to the e ’ usion chat, for both the wild land and farmland ecosystems, 
larger areas would be damaged by external radiation from fallout than from 
fires. Hnvever, the time of the vear of attack and the type of weather 
precedi i , and during attack would be important factors in the extent of 
the a--, i.i damaged by b ->tn phenomena. Especially in the areas affected 
by high le/els of fallout, the lack of adequate protection for humans 
could result, both in lethal doses to area occupants and extended periods 
oi area deni.. I tor e- try from otaer areas; thus ecological control by man 
co>'ld he lost for ««.- era! seasons if the manpower and supporting facilities 
w»r«? not ava* table to carry at needed corrective measures. 
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No previous studies have been reported in which specific effort has 
been expended to organize the data base necessary for making quantitative 
estimates and assessments of the ecological effects that may follow a 
nuclear war. An outline of some of the major factors in ecological sequelae, 
including data summaries on plant, and animal diseases, pest and insect be¬ 
havior, and other information, has been compiled by Ayres' 11 in a study for 
the Office of Civil Defense. Other applicable data, not yet organized for 
use in assessment of nuclear war effects, include work in many biological 
laboratories (private, government, and at universities). A number of eco¬ 
logical research programs have been carried out in Atomic Energy Commission 
(and Atomic Energy Commission supported) installations including the Puerto 
Rico Nuclear Center, Savannah River Plant, Argonne National laboratory, 

Emory University, Oak Ridge National Laboratory, Battelle-Northwest, Nuclear 
Test Site at Nevada (including U.S. Public Health Service), University of 
California at Los Angeles, and others; these programs and their data also 
have not yet been organized within the scope of this discussion. 


Plant Radioeoology 

Terrestrial ecosystem structures are dominated by plants but, because 
of soil and climatic factors (mainly), the plant compositions vary geo¬ 
graphically. The geographic pattern of the natural ecosystems in North 
America includes tundra, boreal and coniferous forests, montane coniferous 
forests, Eastern deciduous forests, grasslands, Pacific Northwest coastal 
coniferous forests, deserts, and Mediterranean vegetation in California. 
These long-term developed (climax) systems, in some regions, have been 
altered by man and converted to farmland (temporal) ecosystems. Both types 
of ecosystems now exist. 

32.35 

Recent research/ " mentioned previously, has shown that variations 
of more than a factor of 100 in the sensitivity to damage from external 
gamma radiation occur. Two major practical kinds of effects on both indi¬ 
vidual plants and ecosystems occur: (1) the production of mutations and 
(2) the reduction of vigor. 

The repair and recovery from the genetic damage (the latter being 
defined as an increase in the frequency of deleterious genes) involves 
the tendency for elimination of the deleterious genes after a few genera¬ 
tions and for the gene frequency to return to the predamaged equilibrium. 
After two or three generations, populations exposed to natural selection 
would be expected to have essentially eliminated, or recovei'ed from, the 
genetic damage. 4:1 

The principal effect on natural ecosystems in the third category of 
radiation injury, as found in both small-scale experiments and in field 
experiments of irradiated ecosystems, is the simplification of the eco¬ 
system by selective mortality or growth inhibition of sensitive species. 
These changes in plant populations would be expected to cause changes in 
insect populations since the latter would be expected to be sensitive to 
the abundance of food supplies. In these damaged ecosystems, the capacity 
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of the ecosystem . recover should remain Intact, at. least initially, but 
rapid changes in plant species composition and in number of plants during 
the first few years after injury would be expected to occur. Reduction 
in competition, appropriate radiation exposures, and other factors would 
result in stimulated growth patterns of some species and retarded growth 
for others (depending on the number and kind of original species present). 

Lowland deciduous forests would bo expected to be much less sensitive 
to damage than would montane coniferous forests because the deciduous trees 
themselves are less sensitive than are the gymnospermae and also because 
the lowland forests usually contuin a greater diversity of species and are 
less prone to sustain erosion damage. Areas with the larger diversity of 
species generally would be expected to recover and stabilize more rapidly 
and at higher fallout levels than would areas with fewer species. 

In areas where complete destruction of aboveground vegetation would 
occur, the rate of recovery would depend on whether underground shielded 
seeds, tubers, and bulbs were present for revogetation and whether other 
plants would revegetate from roots and stems. Another factor is the area 
size of such a devastated region; recolonization from surrounding areas 
would be slower if the destroyed area is large (largo in width as well as 
in length). 

Some estimated radiation exposures for likely ecosystem recovery, 
based on currently available data extrapolations, are listed in Table 11. 

In the use of the last column of the table for mature forests, the listed 
exposure dose should be corrected to the standard 3-foot dose computed 
for fallout on a level open field. A factor of 2 is suggested to account 
for tree height and shielding. Also, a 2-week exposure is suggested so 
that, for an effective arrival time of 1 hour, the calculated standard 
intensities for which the recovery of coniferous forests would be expected 
to occur are those less than 1,200 r/hr at 1 hr; for deciduous forests, 
the calculated intensities for recovery in 2 years or less are those less 
than about 6,000 r/hr at 1 hr; higher levels of fallout would be required 
for the same effect at later fallout arrival times. These dose levels, 
similar to the 200 roentgen ERD for humans, are indicators of the maximum 
fallout intensities and doses for which recovery would appear to be nearly 
certain. At higher levels, the chances of recovery would decrease; the 
levels at which recovery would not be possible (without assistance from 
man) have not yet been specified. 

Further specific studies of ecosystems of different composition are 
needed for evaluations of the upper limits of possible ecosystem recovery 
and for further verification and extensions of the data needed to develop 
criteria such as those of Table 11. However, complete organization of 
currently available data on ecosystem components needs to be accomplished 
before an adequate assessment of the available data can be made. The dur¬ 
ation of this study was too short for accomplishing this needed organiza¬ 
tion of the data. 
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Table 11 


ESTIMATED RADIATION EXPOSURES 
FOR LIKELY RECOVERY OP TYPICAL ECOSYSTEMS** 


Major Ecosystem 

Exposure 
Dose for No 
Significant 
Effect 
(roentgens) 

Exposure Dose 
for Likely 
Recovery 
(roentgens) 

Exposure Dose 
for Likely 
Recovery in 
about 2 Years 
(roentgens) 

Typical farmland 

200 

200 

- 

Coniferous forest 

200 

200 —■ 2,000 

2 000 

Deciduous forest 

200 

200 — 10,000 

10,000 

Grassland 

2,000 

2 ,000-20,000 

20,000 

Herbaceous successlonal 

4,000 

4,000-70,000 

70,000 


a From Reference 43 
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Role of Insects 


The concern about the role of insects in damaged ecosystems after a 
nuclear war appears to be associated with (1) the relatively high resis¬ 
tance to radiation of insects compared with other species (vertebrate 
predators, food plants, etc.), (2) the potentially high reproductive cap¬ 
ability of insects, (3) the added Insult to otherwise weakened species 
by insects, and (4) the reduced ability of the human survivors to maintain, 
or achieve, effective chemical controls, 

A lack of data on the radiosensitivities of insects exists! of the 
existing data, it is known that the sensitivity varies by as much as a 
factor of LOO over the insect life cycle. No data on the beta sensitivity 
of insects were found during this study. The exposure doses in normal 
habitat geometries ure needed if the role of insects in ecological recovery 
is to be evaluated. 

It appears that many available data on the reproductive and other 
behavior patterns of many insects exist which could be organized for use 
in evaluating the role of insects (neglecting, however, the radiation 
effects). A review of pertinent subjects by Jenkins 4 lists the following 
types of information and studies for forest and orchard insects, crop 
insects, social insects, pests, and parasites and predators! (l) longevity; 
(2) flight ranges, dispersal rates, and migration; (3) breeding habits and 
reproduction rates; (4) feeding rates and habits and nourishment require¬ 
ments; (5) mixture in colonies and competition; (6) colony growth rates 
and population behavior and size; (7) epidemiological roles, transmission 
of diseases, and vector ability; (8) host exchange; (9) pathogenic-parasite 
relationships; (10) mortality rates, self-destruction, and sterility; and 
(11) effect of insecticides and herbicides on population control. 

Other factor;? include the causes of population eruptions (or cycles) 
and their relation to food supply, climate (time of year), disease, preda¬ 
tors, and other possible stresses. 

At this time, none of the above available data and factors have been 
correlated or analyzed with respect to the role of insects in postattack 
environments, altnough some data compilations have been initiated. 31 
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DESCRIPTION OK MODELS ANl) ATTACK ASSUMPTIONS 


Formal of Computations 

In this soction, the model system developed for radiological systems 
is described along with tho appropriate input data and assumptions regard¬ 
ing a set of attacks tl was used in a set of model calculations. Those 
portions of tho model t.rnt have been described in previously issued reports 
ore referenced. A schematic diagram of the Stanford Research Institute 
radiological assessmc.it system, doslgned for application to civil defense 
problems, is shown in Figure 2. The general assumptions involved in the 
development of the models, the data sources, and the concepts involved 
arc briefly described In Reference 45. 

Two assumed nuclear attacks were used in Che following described 
computations. One wai a counterforce city-avoidance type of attack with 
a total yield of 5,900 megatons (MC), and the other was a mixed military- 
city attack with a total yield of 11,900 megatons (HM). 

Two types of detonations are considered in the assumed attacks. 

These are surface detonations which produce local fallout, and air bursts 
which produce only worldwide fallout. 


Local Fallout Model 


The model for estimating the local fallout deposit levels is described 
in detail in Volume I of Reference 2; some of the ©visions to the model 
are reported in References 46 and 47. The model was developed and used 
as a fallout deposition scaling system rather than as a dynamic model of 
the fallout formation and distribution processes, to facilitate its appli¬ 
cation to the study of radiological effects from large-scale nuclear attacks. 
No scaling system or model has yet been applied to the estimation ol' fall¬ 
out deposition levels from intermediate burst heights in damage assessment 
studies. The general effect of burst height on some of the properties of 
fallout are discussed in Reference 2. 

To estimate the radiological hazard as well as the radiobiological 
effects from fallout, the fallout model must provide estimates of (1) the 
magnitude of the radiation level at a given location, (2) the variation 
of the air ionization rate with time (i.e,, the decay) for the mixture of 
radionuclides deposited at the location, (3> the time after detonation 
that the fallout arrives, and (4) the potential solubility, or biological 
availability, of the important radioelements in the fallout at tho location. 


Weapon Model 

In this study, no particular weapon design or designs were selected, 
except that the yield of the land-surface detonations was assumed to be 
37.5 percent fission. The t" 1 - 2 function was used to estimate external 
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gamma doses; Its use to represent the decreuse in radiation Intensity with 
time for computing exposure doses automatically implies a weapon design 
that would yield almost 1 atom of neutron-induced Np-239 for evory fission 
event. Tills relative amount of Np-239 would increase the standard inten¬ 
sities (i.e., the r/hr at 1 hr) by about 2 percent; however, at about 4 days 
after detonation, the radiation rate from the Np-239 would be about equal 
to the total radiation rate from all the fission products. Such a contri¬ 
bution from the Np-239 is about enough additional radiation in the period 
from 3 to 10 days after fission to produce a gross decay curve that is 
better approximated by the t“* - ^ function than is the decay from the fis¬ 
sion products above. The decay curves lor more accurate estimates of the 
decrease in radiation rate from the radionuclides in fallout at longer 
times alter detonation are discussed in Reference 2, 


Radionuclide Solubility Model 


The model used for estimating the potential solubility or potential 
biological availability was generally based on the fallout formation model 
in References 2 and 47; however, for this study, extensive revisions were 
made on the thermodynamic data used in the calculations, and new methods 
for estimating the average solubility as a function of particle size for 
the six major biologically important radioelements were developed. 


Worldwide Fallout Model 


The worldwide fallout model used in these calculations is described 
in References 45 and 48. 


Water Decontamination Model 


Tiie water supply of the United States is generally obtained either 
from ground sources or surface sources.Ground-source water includes 
that from wells, springs, and infiltration galleries. Surface sources 
are lakes, reservoirs, and streams. Water from ground sources, especially 
at early times after an attack, would be virtually free from contamination 
because the fallout deposited upon ground surface areas would initially 
be precluded from the ground water supply by an earth mantle. The pene¬ 
tration of this mantle by the soluble Fractions of fallout and its subse¬ 
quent movement through the earth to the location of withdrawal Is a very 
slow process. 

Although ground water may be free from contamination, since it is 
pumped from wells, it may still become contaminated prior to consumption. 
For instance, if the water is first pumped to an open (unprotected) water 
storage reservoir or if the water is pumped to a contaminated distribution 
reservoir, the water would become contaminated. The estimation of the 
degree of contamination of clean water by these processes would require 
a detailed study of each water system. In this study, all communities 




partially or wholly supplied from ground sources wore assumed to have 
Clean relatively uncoil laminated potable water available for use, 

Surface waters, on the other hand, would be directly contaminated 
by the deposited fallout,. The concentration of radionuclides would be 
proportional to the soluble amounts deposited per unit area upon the 
surface and Inversely proportional to the average depth of the surface 
water supply. This definition of concentration is based upon the a asurn?- 
tion that the soluble fractions of fallout Isotopes would be uniformly 
mixed in the total volume of water; thus the water from shallow surface 
sources would be, at least Initially, the most highly contaminated. The 
depths ol' reservoirs and especially streams vary widely throughout the 
time of year and from year to year. The depths of some streams during 
periods of heavy runoff may easily be a factor of 5 deeper than the near 
minimum values used in this study. The depths of reservoir water, on 
the other hand, are maximum values. 

In this study, the calculated radionuclide concentrations of surface 
sources are for the fallout that fell directly into the surface waters. 
Fallout, radionuclides deposited upon ground areas and subsequently carried 
by runoff into surfucc waters duo to a period of heavy precipitation were 
not considered; dilution of the nuclides alreudy in the water by rain or 
by adsorption on bottom materials also was not considered. Available 
data, that of measured concentrations of Sr-90 and gross beta activities 
in precipitation and in streams, show that, at least for worldwide fallout, 
only 1 to 10 percent of Sr-90 as well as gross beta activities deposited 
in watershed or drainage basin areas is carried with runoff to streams. 22 
The available data do not provide any generalized evaluation of the migra¬ 
tion dynamics of radionuclides through watersheds, so that the elapsed 
time between the times of fallout deposition and maximum stream contami¬ 
nation could not be determined: in general, it appears that, at least for 
tl*e wet season, the elapsed time is less than 1 month. 

Of the 1(3,747 communities in the United StRtes served with public 
water supplies, 11,784 are partially or wholly supplied from ground sources. 
On the basis that those localities that are partially supplied by ground 
water sources would have sufficient water from these supplies for post¬ 
attack emergency use (but requiring powor for pumping), the source water 
for 70 percent of all communities would be relatively unaffected by fall¬ 
out. However, of the 184 larger communities, representing a total of 
71 million people, only 43.5 percent of the people have adequate public 
ground water sources. Although this percentage may be increased to 61 
percent if both private industrial and public water supplies are consid¬ 
ered available for public consumption (in the communities where they 
exist) during the postattack period, only the available public water 
sources wore considered in the computation of the radionuclide contamina¬ 
tion in water supplies for the proposed nuclear attacks upon the United 
States. 

any proposed attack * purts of water systems (especially tho dis*” 
tribution systems) that arc located near explosion points would be 
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destroyed or damaged. Wherever this occurs, the water supply may bo 
disrupted or completely lost until the damaged component is repaired or 
repluced. This aspect of the availability of water supplies for the 
survivors is not considered in this report; the discussion here is limited 
to the possible levels of water contamination. 


The complete destruction of a water source, on the other hand, would 
not be readily achieved by explosion phenomena. Water in lakes, streams, 
aiid diversion reservoirs is not normally very vulnerable to blast damage, 
and sonic water loss would be expected if the source vvas located within 
the region of the crater. The some general low damage vulnerability would 
hold for ground sources; an exception would he a direct hit on ft small 
well-field or on a rather small stream, lr such a ease, the well-field 
could bo destroyed, and the lip of the crater could divert the water off 
stream and render it unusable. Also, a direct hit upon the dam of an 
impoundment reservoir would certainly cause the loss of the water from 
the reservoir. On the other hand, most large communities have one or 
more alternative water supply sources. 

The water contamination data for the 184 large communities in this 
study were used as a sample of the avuiluble water for the entire (urban) 
population of the United States. The selected sample should tend to give 
a nuclide concentration distribution that Is somewhat higher than the 
national distribution because the communities not in the sample generally 
have more well-water sources. Although the contamination in the water 
from streams normally depends upon the amount and rate of fallout at up¬ 
stream locations, and the radionuclide concentration In the water when 
drawn would depend upon when it was drawn and the rate of stream flow, 
in this study the concentration computations were simplified by treating 
these waters as though they were from a stationary source. 

Errors introduced by this computational treatment would be largest, 
for communities that use water from exceptionally long streams where the 
water from one geographical location is transported to another distant 
location and the amount of fallout deposited at the two locations is 
grossly different. For example, the calculated radionuclide concentrations 
in the water for a community such as New Orleans. Louisiana, may underes¬ 
timate the real concentrations for that city if the heavier fallout depos¬ 
its in the upstream parts of the Mississippi River (and Ohio River, etc.) 
were actually carried as far as New Orleans. 

The direct contamination of exposed surface waters by fallout particles 
landing on the water may Include (I) the suspension of small insoluble 
particles and (2) soluble radiooioments that dissolve when the carrier 
particle lands in the water. The largei fallout particles will settle 
rapidly to the bottom of still water. The only important group of ele¬ 
ments, for potable water sources, are the soluble elements. 
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The external contamination of plants by local fallout particles is 
discussed in detail in References 9 and 10. The major portion of the 
currently available data on the subject was obtained in the Costa Rican 
experiments: however, in this described study, which was initiated prior 
to tl'.e Costa Rican work, the plant contamination factors that were used 
were those derived from the field test data, as shown in Figure 3. In 
the model, the average effect of weathering on the foliar deposits was 
assumed to be represented by 


a 


o 


a 


L' 


-0.05(t-t a ) 


(7) 


where a^ is the contamination factor in terms of the ratio of the activity 
or weight concentration of the fallout on the foliage to the surface den¬ 
sity of the fallout, and t a is the average time of arrival of fallout. 

The factor, 0.05, corresponds to a weathering half-life of 14 days, as 
discussed in References 9 and 50. Newer data on the effect of wind and 
rain on foliar contamination Indicate that weathering effects, in general, 
do not correspond to that given by Equation 7; however, the computations 
of this study were made using Equation 7 and therefore underestimate, to 
some degree, the contamination levels on most food crops due to the con¬ 
tamination of the foliage by local fallout. The initial values of the 
contamination factors, a°), used in the calculations are summarized 

in Table 12. 

Entry of radioactivity from worldwide fallout into plants is made 
via two major routes: (1) direct foliar absorption of radionuclides in 
solution in rain and (2) root uptake from the accumulated nuclides in 
the soil. Measurements of the total specific activity of the edible parts 
of plants therefore represent the sum of both odes of entry, and the 
problem becomes one of separating the total ini parts. There are many 
data available on root uptake from pot experiments so that it would appear 
that a reliable approach would be to subtract that amount of activity due 
to root uptake from the soil. The usual result, however, is that all or 
more of the observed activity is accounted for by root uptake alone. It 
would therefore appear that the uptake of crops grown in the field is 
different from that of crops grow in pot experiments. 

Among the reasons for such differences, aside from the usual uncer¬ 
tainty in the number of atoms (such as Sr-90) per unit area of soil, are 
the effects of distribution in depth in relation to root habit and the 
long-term availability of the nuclide in question. The method usually 
followed in assessing foliar and root uptake from worldwide fallout is 
to set up an equation with two unknowns and solve these over successive 
years.51,52 This method, for any nuclide, is represented by 
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Figure 3 
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Table i 7. 


FOLIAR CONTAMINATION FACTOR VERSUS q ' 5 
AND REFATED PARAMETERS 


Particle 


r o 1 1 a r 

Falling 


Contamination 

Velocity 

Particle 

Factor 

o 

Diameter 

L 

15 v f 

<V 

d 

a L 


troph)(microns) (sq £t/gm) 


0. 15 

100 

8,000 

0,000200 

0, 50 

30.0 

1,170 

0.000225 

1 

15.0 

500 

0.000250 

5 

3.00 

120 

0.000750 

6 

2.50 


0.000930 

10 

1.50 

75 

0.00170 

15 

1.00 


0.00300 

20 

0.75 

50 

0.00425 

25 

0.60 


0.00535 

30 

0.50 

40 

0.00635 

35 

0.4286 


0.00720 

45 

0.3333 


0.00815 

75 

0.2000 

25 

0.00912 

100 

0.1500 


0.00945 

150 

0.1000 


0.00975 

300 

0.0500 

13 

0.00997 

400 

1 

0,0375 

| 


0.0100 

1 

1 

? 


1 

CD 

0 

0 

0.0100 

Source: 

Derived by 

Stanford Research 

Institute 
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N 

f 


( 8 ) 


A N (i.) i li N (T> «loms/gm 


where N (t) is the fallout deposit in a time interval deni guttled by t and 
N°(f) is the total fallout deposited up to the Liino of sampling, both in 
uf oiiK-^sq ft, 

A set of A° and 13° values is given in Reference 52 for Si—90 in which 
the N°(i.) values used were monthly values (averaged over a 6-month period) 
as taken from an averaged accumulation curve of N°(T); the N°(T) values at 
July 1 of each year were used. 

The derived values of a^. In ntoms/gm dry weight per utoms/sq ft, for 
.Sr-69, Sr-90, /a— 95, Ru-106, Cs-137, and Co-144 are listed in Table 13. 

The root crops were assigned very small values; that is, except for Cs~137, 
the rurlloelaments are not considered to translocate from foliage to roots 

W 

to any appreciable extent. The Oj values for sorghum and ont were made 
equal to that for wheat. As suggested in Reference 53, the Si—90 in 
lucerne (alfalfa) was mainly attributed to direct contamination; the a™ 
value was accordingly chosen to account for 80 percent of the observed 
lucerne contamination. A similar assignment was made to clover. It 
should be looted that dry weights are specified in the table, consistent 
with the a£ values presented earlier but differing from the common prac¬ 
tice of reporting worldwide food contamination in terms of fresh or market 
weight. 

w 

In summary, a single value was assigned to each crop for contami¬ 
nation from worldwide fallout, assuming that superficial activity was 
removed by normal washing or preparation and that the levels reported 
reflected true tissue absorption. The absorbed number of atoms of the 
1th kind at stora time in the edible plant tissue is 


C. 

i 



hi i 


a tom?/gin dry weight 


(9) 


where (t) la the zero-time number of atoms of the I th kind per square 
foot of soil deposited in the last month before harvest. 

Estimates of Nj(t) are available for eight different nuclides from 
the worldwide fallout model discussed earlier. it is assumed that all 
worldwide fallout is soluble and hence available for absorption. 

The complete expression for the number of zero-time atoms incorpo¬ 
rated into the edible parts of a crop planted subsequent to a nuclear 
attack is 

a , p h 

C Lf = ITiT" ''' J" N< ^(f)l T a^ V N^(t) atoms/gm dry weight (10) 

o h-1 
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Table 13 


ESTIMATED VALUES OF aj FOR SELECTED CROPS AN!) RADIONUCLIDES 


w 


( 10 ° atoms/gm dry weight 
V _ atoT n s/sq ft soi l_ 


_ Crop 

Sr-89, Sr-Cu 

7a —95 , Ce~144 

Ru-106 

Cs-137 

Corn 

90 

0 . 1 

0. 3 

40 

oorghuiii 

90 

9,0 

27 

450 

Wheat 

90 

9.0 

27 

425 

Oa ^ 

90 

9.0 

27 

450 

Barley 

30 

3.0 

9. 0 

180 

Dry bean 

20 

2,0 

6.0 

800 

Soy bean 

20 

2.0 

6.0 

240 

Alfalfa 

600 

600 

600 

600 

Clover 

700 

700 

700 

700 

Potato 

1 

0 . 1 

0.3 

100 

Qreen pea 

6 

0.6 

1.8 

18 

Sugar beet 

1 

0.1 

0.3 

100 

Tomato 

500 

500 

500 

1,750 

Snap bean 

20 

2.0 

6.0 

60 

Cabbage 

300 

300 

300 

1,050 

Dry Onion 

1 

0.1 

0.3 

100 

Carrot 

1 

0 . 1 

0.3 

100 

Lettuce 

500 

500 

Ron 

1,750 

Apple 

50 

5.0 

15 

150 

Peach 

300 

30 

90 

900 

Orange 

50 

5.0 

15 

150 


Source: Stanford Research Institute 
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root uptake; the summation from h-1 to h ( i, e. , over the 
last month before harvest) Is the amount responsible for 
foliar contain i nut ion 


Inte rna i Coni anil nat ion of 1* louts 

The uptake of radionuclides from fallout by plants through their 
root system would be the major path ol food coutamiuatiou in the long¬ 
term period after a nuclear war. 

i’ite major factors that influence the uptake of radionuclides by 
plants through their root system are (l) physioehemical properties of 
the radioeloment, (2) plant species, (3) soil typo, and (4) soil manage¬ 
ment practices. 

file assimilation of nutrients, or inorganic ions, by the roots of 
plants usually involves soluble exchangeable ions in the soil. When new 
ions, from a mineral fertilizer or from fallout particles, are introduced 
into the soil, they compete with and replace other ions on exchange sites 
in the soil. In some reactions with the soil, the now ions become non* 
exchangeable, and, to tho extent that; those reactions occur in a soil, 
some portion of the radioeleinent becomes unavailable for uptake. Thus 
the types of interactions that occur between the soluble radionuclide and 
the soil constituents determine the availability of the radionuclide for 
uptake from the soil. The model for this mode of food contamination is 
discussed in detail in Ueferences 52 and 54. 


Gene ral Model for t he Interna l Contamination of A nimals, Fowl, and Pish 


listimates of tho amount of rad)onuclidos In meat and eggs were made 
by means of a simplified assimilation model. The major simplifying assump¬ 
tion for the model is that the nuclide Is assimilated by a body organ at 
the time of ingestion. Also, in the model. It is assumed that a constant 
fraction, f , of the nuclide ingested enters the kth organ and that, 
except for assigned decay processes, tho ingestion rate, U?,, of the l'th 
food is constant. The rate of change in N^, the number of atoms of the 
ith nuclide in the klh organ (i.e. . soft tissue such as muscle), is then 
represented by 
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■ , jN . <1 toiHS da V 

i k i k 


Cl) 


ciN /fit 

j k 


f ..u; 

ik i 


in which 


U° - y U C> a Inins /da v (id) 

i i i 

and where is the biological elimination rate constant for the organ 

and radionuclide of interest. Integration of Equation 11, under the con¬ 
dition that is zero at t (the time after attack at which ingestion 

is started), gives 


N. k = [, - e ' X ik (t ’ *<>>] 

lk *• * 


(13) 


When radioactive decay is included in the ingestion rate, Equation 13 
becomes 


ilsV_r . e -Xik<t - t G )] 

X ik L J 


(10 


where is the radioactive decay rate constant of nuclide i and t is the 
time after detonation. 

For green leafy foods (such as pasture grasses) where weathering and 
growth effects cause a decrease in foliar contamination, it was assumed 
that the ingestion rate would be represented by 


ti ,[° 

U if = U if° 


k w )(t - t) 


( 15 ) 


where t a is the median or average time of fallout arrival and k w is an 
empirical decay rate constant.* The value of N^j. for these foods is 


* This formulation applies to the assumption that all the radionetiviiv 
is removed by weathering effects with a given half-life, usually taken 
to be 14 days (prior to the Costa ltican experience). 


5-1 




: h 


■- * K, j < t _ 

l k ; 

t ! \ K " •> 


i ' 

L 


' > l- ' : 


j 


< ! b > 


The chief use oi Kquo 11 on t;t Is lor mm l yz t ng data lo tie l ermi m* the 
values of f 11 , and ; for various rad i onu>: 1 i ties and tissues of different 
animals. Equal (on Id applies i ( > stored foods tor a single crop, such as 
grains and hay, and perhaps to water from exposed sources: Lhe value of 
U” depends on location and crop and thus is adjusted o t least on u yearly 
basis. Equation IG was restricted to foliar rout .tiiun.il ion in the calcu¬ 
lations and thus applies only lo field crops that are standing at the 
time of an attack, lor local fallout deposition, and during the following 
growing seasons, for worldwide fallout deposition. 

The concentration of the radionuclide in an organ or soft tissue at 
the time, t, after detonation, in the ease whore the tissue Is used ns n 
human food, Is given l)v 

N 

C = —- afoiiis/izm (17) 

1 k ill, 

k 


where m 

K 


Is the mass of the tissue that, contains the N,, atoms. 

ik 


For food 
rate In which 
cows and eggs 
anlion of the 
change of the 


products that are? produced by an animal at an average (daily) 
the concentration of the nuclide in the product (milk from 
from chickens, lor example) is controlled mainly b; the elinu- 
nuclide from in ( . „, v rv) body organs or tissues, the rule ol 
number ol atoms in the secreted product is represented by 


ON /dt => f > N atoms/dny 
II 11 1 It 1 It 


<1«) 


where f^ is the fraction of the amount eliminated from organ k that outers 
the food product. 


Interim 1 Contamination of Animals (Mo a tand Milk) 


The Analysis of data for determining fjj, and \ (1 . from experiments in 
which a single ingestion (i.o.. dose) is administered to (tnimnls was car¬ 
ried out using the following model equations. The number of atoms at any 
Lime in an organ in the siniplitJod model for the single Ingestion case 
(nor accounting for radioactive decay) Is represented bv 





( ! 


04 J 

where U j ' Is the number of a loins ingested and fj ( is the irirtinn that is 
assimilated (instantaneously) by the kill organ. The number of atoms elim¬ 
inated from a body organ in a secreted product (lor example, in all the 
eggs produced by a chicken) between t Q and Vis then 


N 1 f 


f f ;i°° 
it ik I 


■\ik(t 


*o>' 


( 20 ) 


where j j p !*? the fraction of the nuclide, eliminated from organ k. that 
is incorporated into the secreted product. 

For atoms that are eliminated from a body organ in a secreted product 
(such as milk), the rate of change of llie concentration in the product (as 
a food) is given by 


dC ,/dt 

11 


r • 

'if^ik^i ^ik "Aik(t “ l o) 


m 


f 


( 21 ) 


ill which m-p is the mass of the product. Muscle, or meat, however, is 
treated as one body organ (occasionally even as whole body) so that the 
concentration of a nuclide in meat is derived directly from Equation 19 
by 


C if = 


Vi 


,oo 


” \ i k ( 1 " 1 o ) 


\ 


( 22 ) 


whore m k is the total weight (wet basis) of the muscle (or whole body). 

Much of the available data on the assimilation of radionuclides by 
animals and fowl is reported in terms of the fraction of the dose (i.e., 
amount of the nuclide ingested), or fraction of the dose per unit weight 
of tissue, absorbed for a single ingestion and the fraction of the daily- 
dose, or fraction of the daily dose per unit weight of tissue, for a 
chronic ingestion. Therefore, the above equations are converted, for 
convenience, to the fractional notations. For the single ingestion, F 
and F. f are designated as the fraction of the dose assimilated; those 1 
fractions, from Equations 19 and 20, are 


F 


ik 


N., /U°° 

l! i 


f ,. i i k (’ 
‘ Ik" 


( 22 ) 
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The fractions of the dose per uniL weight of tissue are, respectively 


F' - C. /U ‘ = r /in , at t 
Ik l k 1 i It k 


F' - C. r /U°° 
if if l 


f , r f .. /in. . 
If lk k 


Thus the intercept of Equation 21 for C| at t = t is f x i| t - / m i • 

for most data, only the value of the product, f. can be evaluated. 

II lk 

The fraction of the daily dose from continuous ingestion experimental 
data, using Equations 13 and 18, at steady state, are 


P ik 1 ik /X ik 


1 if - 1 if f ik 


Certain basic relationships between animal food ingestion (or intake) 
rates and their body or muscle weights can occasionally be used to estimate 
values of f^g, or if the value of one of the constants is 

known and if the steady-state concentrations of a nuclide in both the 
ingested food and the organ are known. This ingestion-rate dependence on 
muscle weight is described indirectly in Reference 1.1; to illustrate, let 


m *= K m 

f f K k 


where mp is the dry food intake rate, m k is the muscle weight, and 
is a constant for an animal. Also, 


lk = C m 

l ill 


(30) 




and 


N .. = C . ill 
1 k 1 k k 


(3 i ) 


Tne value of t /\ from Equations 29, 30, and 31 Is given by 

IK IK 


Ik 


ik 


X., C K 
ik if fk 


(32) 


Values of X|k and f ik for muscle tissue (meat) that were derived 
from various data sources using the above-described equations are summar¬ 
ized in Table 14. In spite of all the published data on Sr-90 and its 
accumulation in bones, practically no experimental data have been reported 
on its behavior in the other (more edible) tissues of animals. The average 
values of , and for the muscle of several fullgrown animals are 

given in Table 15. 


Inter n al Contamination of Fowl (Eggs and Meat) 

The concentration of a nuclide in eggs is given by 


C 


if 


dN.,/dt 
i f 


atoms/gm 


(33) 


in which is the average weight of an egg and e is the average produc¬ 
tion rate in number of eggs per day. However, the whole egg is not used 
as food; only the yolk and egg white (albumen) are eaten. However, the 
yolk and albumen have slightly different assimilation patterns for radio¬ 
nuclides such as Sr-90, Ca-45, and 1-131. 61-65 Therefore, if the yolk 
and albumen are taken together, the average concentration of a nuclide in 
the two parts of the egg for a single ingestion is given by 




i e 


^."'■ik 


(t 
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in j e 


) e 
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(35) 


5M 








Table 15 


MUSCLE WEIOirrS AND FOOD INTAKE RATES OF SEVERAL ANIMAI/S' 1 



"'k 

“f 

fk 

Animal 

(gw) 

(giu/day) b 

(day 1 ) 

Beef cattle 

1.8 x 10 5 

8 x 10 3 

0.045 

Dairy cattle 

1.6 x 10 s 

B X 1C 3 

0.056 

Sheep 

2.4 x 10 4 

2 X 10 3 

0.083 

Swi ne 

8.5 X 10 4 

4 x 10 3 

0.047 


a From Reference 11 
b Dry weight basis 
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( 36 ) 


in which 


F 


le 


f. -f 

if ik 


and 


Ff 

le 



ik 


(37) 


(38) 


Also, and are for the yolk, X^ and f ^ are for the albumen, and 

nif is the average weight of the yolk and albumen. The weights (wet basis) 
of the three parts of an egg from a mature hen are as follows: yolk—15 
to 17 grams; albumen—24 to 27 grams; and shell—6 to 7 grams. The aver¬ 
age value of nif for use in the above equations is 41 grams. The value of 
e for laying hens may range from less than 0,5 to almost 1.0 egg per day; 
an average of 0.6 egg per day is suggested. This production rate may be 
somewhat less than that achieved in a well managed poultry farm but it 
also may be somewhat higher than would be obtained in the postattack 
period of a nuclear war. 

The general findings and conclusions irom the data on the assimilation 
of radionuclides by fowl (mainly chickens) and the accumulation of the 
nuclides in eggs are as follows: 

1. The pattern of elimination of strontium and calcium from the hen 
in eggs is about the same (see Figures 4 and 5); however, in 
some data, 66 discrimination between the two elements is shown. 

2. For both strontium and calcium, about 30 percent of the amount 
ingested is concentrated in the shell of the first egg produced 
following the ingestion. About 50 percent of the ingested amount 
of these two elements is excreted (in eggs and feces) within 
about 48 hours. 

3. The concentration of all radionuclides (for which data are 
available) in the egg yolk Increases slowly after the start of 
Ingestion; for a single ingestion, a maximum concentration occurs 
at about 4 days after the ingestion for cationic elements. For 
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1-131, the maximum concentration in the yolk occurs at 6 days 
after ingestion.^ The concentration of all elements in the 
shell and in the albumen is highest in the first egg and is 
less in succeeding eggs. Some data (on single ingestions) sug¬ 
gest that the concentrations of strontium and calcium in the 
egg become constant (or decrease very slowly) after about 3 
weeks. No experimental work has yet been carried out long 
enough to establish whether the concentrations do level off. 

If this occurred, the concentrations in eggs for a continuous 
ingestion of radioactively contaminated food would increase for 
a long period of time. The simplified radionuclide assimilation 
model then would not be applicable for describing the situation. 

The model equations do not represent the described buildup of the 
concentration of strontium and calcium in the egg yolk. The slow buildup 
of the concentration in the yolk, compared with the rapid assimilation in 
the eggshell, suggests that a two-stage exchange process occurs in the 
hen as the yolk forms. That is, the release of the elements utilized in 
the formation of the yolk is controlled by other body organs (which had 
previously assimilated them). A more complicated mathematical model is 
required to describe such a process; this type of process has been repre¬ 
sented by model equations for the concentrations of radionuclides in milk 
7 

from the cow; a similar derivation could be made for egg production. 

A summary of some derived assimilation model equation constant values 
for poultry and eggs is given in Table 16. While the use of the derived 
values of the equation constants in the equations should reproduce the 
data from which the equation constants were derived, the poor quality 
and limited scope of the original data limit the extrapolation of the 
data (through the model equations) to order-of-magnitude estimates for 
the concentrations of the listed radionuclides in the edible parts of 
poultry and eggs. 


Internal Contamination of Fish and Other Aquatic Organisms (Meat) 

The assimilation of radionuclides by fish is complicated by the fact 
that the fish would live in contaminated water as well as ingest contami¬ 
nated foods. Also, other forms of aquatic organisms in the water and the 
material containing the water (soil minerals, rock, etc.) will assimilate 
or adsorb otherwise soluble radioolements from the water in competition 
with each other. Since, in most data, the two uptake processes (absorp¬ 
tion and adsorption) are not separated, the gross assimilation of a radio¬ 
nuclide is given in terms of a concentration factor or uptake contamination 
factor. It is designated as and is the ratio of the amount of a radio¬ 

element in atoms (or as activity) assimilated per gram of muscle (or other 
body part) to the concentration of the radioelement in atoms (or as activity) 
per milliliter of water at equilibrium. However, it may be noted that very 
few of the reported investigations actually show the necessary data to 
establish the fact of equilibrium for a given particular experiment. Thus 
some variation in the derived a^ values is due to measurements of non¬ 
equilibrium systems. 
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SUMMARY OF DERIVED ASSIMILATION MODEL EQUATION CONSTANT VALUES FOR POULTRY AND EGGS 
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Because of the complexity of natural food chains or food webs within 
an aquatic environment, the observed values of the uptake contamination 
factor for such systems are restricted to the type of environment for 
which they were observed. 

The concentration of a nuclide In the fish, or organ lain, as a food 
is given by 


C 


i f 


“wu (,)r iw 


(39) 


where C^ w is the concentration of tho nuclide in the water at a steady 
state (or equilibrium) and a^y is in nil/gm (usually wet weight basis). 

Values of a^yy of Cs-137 for plant and animal organisms in an arti¬ 
ficial freshwater pond, as reported by Pendleton and Hanson, are given 
in Tables 17 and 18, respectively. It may be noted that tho a^y values 
for the two herbivorous fish are very high. In tho reported experiment, 
only 5 percent of the injected Cs~l37 remained in the water at 5 hours 
after addition, and at 5 days, only 1 percent remained in the water. 

The a^y values of the algae, snails, and tadpoles were in excess of 100 
within 2 hours after injection of the Cs-137. The a^y values of Table 17 
are generally higher than most other reported values. 

Values of ajyy of Sr-90 for freshwater organisms in Perch Lake, 
Ontario, Canada, as reported by Ophel 70 are listed in lable 19, 

The contamination factors of aquatic plants, in a more detailed 
study of the food-web system in Doe Run Creek, Meade County, Kentucky, 
as reported by Minckeley et al, 71 are given iu Table 20, for gross beta 
measurements, and Table 21, for Sr-90 and Cs-137 measurements. In this 
study, the plants and animals are listed respectively as producers and 
consumers in order of their major position in the food chain. The fish, 
cottus carolinae, is carnivorous, and therefore its a W y value is much 
lower than the herbivorous first consumers. The second consumers may 
eat both producers and first consumers (but at least partially feed on 
the latter). It is seen that the contamination factor values for the 
first consumers are as large as those of the producers but that the valiu - 
tend to decrease for the second and third consumers. 

Contamination factors for several nuclides and marine microorganisms 
in fresh water and seawater are given in Table 22. Two points of notice 
are: (1) the contamination factors for the rare earth elements, Y-91 and 

Nb-95, are much higher than those for Cs-137 and Sr-90; and (2) the con¬ 
tamination factors are much lower in seawater than in fresh water. Cony 
tamination factors of Sr-89, Sr-90, and Ca-45, as reported by Towns ley, 72 
for a small fish exposed to contaminated fresh water and seawater are 
shown in Table 23; in these reported experiments, only the tank water was 
contaminated. Although the experiments were carried out for three weeks, 
equilibrium assimilation apparently was not achieved for the whole fish 
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Table 17 


CONTAMINATION 1'ACTORS OF CS-137 TOR FRESHWATER PI ANT ORGANISMS 

IN AN ARTIFICIAL PONI) a 


Plant Organism 


‘Vu 

(ml/mil) 


Net plankton 


1,000 - 25,000 


Green algae 

RhizocIonium and oedogonium 1,500 - 4,000 
Spirogyra 400 


Submerged vascular plants 
El odea 

Ceratophy11ium 
Potainogeton 

Floating plants 
Leir na 
Azolla 

Emergent plants 
Scirpus 
Culms 
Seeds 
Typha 
Leaves 
Seeds 
Polygonum 
Leaves 
Seeds 


1,000 

400 

700 


500 

250 


50 - 90 
300 - 400 


200 

100 

600 

400 


a From Reference 69 


1 
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Table 18 


CONTAMINATION FACTORS OF CS-137 FOR FRESHWATER ANIMAL ORGANISMS 

IN AN ARTIFICIAL POND a 


Species (ml/gm) 


Snails (radix) 

600 1 

Arthropods 


Amphipod 

11,000 

Damselfly nymph 

800 

Dragonf1y nymph 

800 

Amphibians 


Bullfrog 


Tadpole flesh 

1,000 

Adult flesh 

8,000 

Fish 


Carp muscle 

3,000 

Sunfish muscle 

9,500 


a From Reference 69 
b \ ~ 0.05 day -1 
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Table 19 


CONTAMINATION FACTORS OF SR-90 FOR FRESHWATER ORGANISMS 
IN PERCH LAKE, ONTARIO. CANADA* 1 


a 

WU 

Spec les (ml/gm)' 3 


Aquatic plants 280 
Bottom sediment (1-inch layer) 180 
Clams (soft tissue) 730 
Minnows (whole body) 950 


a From Reference 70 
b Wet weight basis 
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Table 20 


GROSS CONTAMINATION FACTORS FOR FRESHWATER PLANTS /INI) ANIMALS 
IN DOE RUN SPRING STREAM IN MEADE COUNTY, KENTUCKY* 1 


a wu 


(ml/RTTl) 


Species 

Station I* 1 

Station IV 1 ’ 

Producer9 

Cyiuiophyta (phormicli urn and oscillator la) 

1,400 

950 

Rhodophy ta (batrnchosporuni) 

170 

- 

Chrysophyta (djatools) 

J,300-2.700 

850 

Chrysophyta (vnuchorln) 

HGO 

880 

Chlorophyta (dichotomoeiphon, otc.) 

1,000 

950 

Bryophyta (fissldens) 

980 

nt 

Marl and contained algae 

•*» 

400 

First consumers 

Amphipoda 

340 

2,000 

Isopoda 

2,600 

2, 100 

Tipulidao 

590 

200 

Chironomidae 

- 

1 ,300 

Trichoptera 

2,000 

GOO 

Epliemeroptera 

- 

1 ,600 

Ollgochaeta 

- 

snrn 11 

Goniobasls 

220 

300 

Socond con turners 

PIecoptera 

- 

I , 900 

Megaloptera 


1,300 

Notropsis spilopterus 

- 

160 

Etheostoma flabellare 

- 

270 

Third consumers 

Cottus carolinae 

130 

110 


a In terms of gross beta activity, which was mainly Bi-214; 
from Reference 71 

b Station I is at the creek source; Station IV js about 5 miles 
downstream from Station I 
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Table 22 


CONTAMINATION FACTORS FOR THE ASSIMILATION OF SR-90 AND CS-137 

IN FRESHWATER ANIMALS 

IN DOE RUN SPRING STREAM IN MEADE COUNTY, KENTUCKY 3 


a wu 

( ml/gin) 


Spec lea 

Sr-90 

Cs-137 

First eoimionors 

Amphipoda (guminarufl) 

30 

440 

Ieopoda (d/jfllUis) 

1,100 

1,200 

Tipulidao 

3,300 

1,000 

Triclioptora 

1,200 

920 

Kphemoroptora 

1,500 

720 

Oroneclu® rustlcus (crayfish) 

570 

290 

Second consumers 

Plocoptora 

o 

o 

o 

780 

Ethoostomu flabcllaro (fish) 

U* 

560 

Cambarufl barton! (crayfish) 

130 

67 

Third consurnors 

C'ottiia carolinao 

130 

67 


a. From Reference 71 
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Table 22 


CONTAMINATION FACTORS OF SEVERAL RADIONUCLIDES 
FOR MICROORGANISMS IN AQUATIC ENVIRONMENTS 


& WU a 

Organi sia Nuc 1 ide (ml/gm)‘ Reference 


Fresh water 

Bacteria 

Cs-137 

15-26 

Chlamydomonas sp. 

Cs-137 

28 

Platymonas elliptica 

Cs-137 

50 


Y-91 

53,800 

Nitzchita sp. 

Cs-137 

100 

Ochromonas sp. 

Cs-137 

980 


Y-91 

46,600 


Nb-95 

83,700 

Seawater 

Bacillariacae 

Cs-137 

1.2-1.7 


Sr-90 

17 


Ce-144 

2,000 

Chlorophyceae 

Cs-137 

1.3-3.1 


Ce-144 

2,400 

Rhodophyceae 

Cs-137 

1.3 

Open sea phytoplankton 

G. simplex (48 hour) 

Sr-90 

19 


Y-90 

360 

K. rot undata (48 hour) 

Sr-90 

380 


Y-9C 

•%/ 0 


a Wet weight basis 
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Table 23 


EFFECT OF ASSIMILATION TIME AND WATER ENVIRONMENT 
ON THE CONTAMINATION FACTOR OF FISH a 


a wu 


Time of 


(ml/£ 

p) 



Contact 

Fresh Water 


Seawater 


(days) 

Sr-89 Sr-90 

Ca-45 

Sr-89 

Sr-90 

Ca-45 

1 

9 


0.8 


_ 

2 

9 

- 

0.3 

- 

- 

4 

18 

- 

0.7 

- 

- 

7 

24 

29 

- 

0. 8 

1.4 

8 

22 

- 

1.0 

- 

- 

14 

44 

78 

- 

1.5 

3.0 

16 

19 

- 

2.0 

- 

- 

21 

67 

106 

- 

2.7 

4.4 




Fresh Water 

Sr-89 and Sr-90: a w = 3.1 t, t = 0 to 21 days 
Ca-45: a^ = 5.1 t, t = 0 to 21 days 

OR = a wu (Sr)/a wu (Ca) = 0.62 


Seawate r 


Sr-89 and 

Sr-90: a^ = 0,13 t, 

o 

II 

4 -> 

to 

21 

days 


Ca-45: a^ T = 0.21 t, 

t = 0 

to 

21 

days 

OR 

= a w (Sr)/ awu (Ca) = 0. 
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Both Elements, (fresh waterVa^ (seawater) = 24 


a Tilapia mossambica; from Reference 72 
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because the a^y values increased throughout the course of the experiment. 
However, at all times, the contamination factor for the fish in fresh 
water was about 24 times larger than for the fish in seawater. 

The contamination factors for several marine animals in seawater, 
with and without contact with clay materials, are given in Table 24, as 
reported by Duke et al. 7 ^ Because of the short exposures (24 hours) no 
assurance is given that the a^j are equilibrium values. 

Experiments on the force-feeding of growing rainbow trout with Sr-90- 
contaminated feed for 21 days, as reported by Nakatani and Foster, 74 result 
in the following average concentration intake-rate ratios: 

C 90 ( whole k°dy)/U ° 0 = 0,097 ± 0.010 days/gm of fish (40) 

and 

Cg 0 (muscle)/U°Q = 0.0055 ± 0.0020 days/gm of muscle (41) 


In the same experiments, data were obtained on the lethal uptake concen¬ 
trations; at a feeding rate of 0.75 me of Sr-90/day, the following killing 
rate (in excess of normal) was observed: 20 percent dead in 17 days, 50 
percent dead in 21 days, and 100 percent dead in 25 days. 

Although the reported data reviewed to date on the assimilation of 
radionuclides are entirely unsuitable, from both a coverage and a measure¬ 
ment accuracy point of view, for the evaluation of assimilation models, 
the following values are tentatively selected for use in estimating 
the contamination levels of fish food, given the concentration of a nuclide 
in the water: 



Fresh Water 

Fish (herbivorous) 1,000 100 

Fish (carnivorous) 70 8 

Clam 2,000 700 

Seawater 

Fish (herbivorous) 

Fish (carnivorous) 

•Shrimp 
Oyster 




2 4 

0.5 0.3 

2 5 

2 5 
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Table 24 


CONTAMINATION FACTORS FOR SEAWATER MARINE ANIMALS 3 




a wu 


Animal 

Nuclide 

(ml/m) 

Animal Part 

Feed only (force-fed) 




Fish (Fundulus similis) 

Cs-137 

0.38(s)° 

Body 

Contaminated environment (24 hours) 




Fish (Fundulus similis) 

Cs-137 

0,19(s) 

Body 


Cs-137 

0,50 

Body 

Shrimp (Palaemonetes pugio) 

Cs-137 

1.87(s) 

Body 


Cs-137 

1.93 

Body 


Ca-45 

6.13(s) d 

Body 


Ca-45 

4. 42 

Body 

Oyster (Crassostrea virginica) 

Cs-137 

1.80(s) 

Soft tissue 


Cs-137 

1.56 

Soft tissue 


a From Reference 73 

b Wet weight basis; 24-hour exposures 
c (s) indicates contact with clay 

d \ = 2.5 day -1 (gross elimination rate into clean seawater) 

1K 
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It: is expected that these values, based on partial analysis of 
incomplete data, could be revised as the data summaries and analyses 
become more complete. Also, the model for estimating the uptake is not 
fully developed conceptually. Additional data on relative populations 
of producers and consuners in selected environments are still needed. 

For example, If the fish population were n y fish/ml and there were no 
other competitors present for taking up the radioactive atoms, the average 
wholeHbody concentration would be given by 


a r° 
WU iw 


ik 


1 + m n a^, 
ik v WU 


(42) 


where is the initial concentration of the water, as computed from the 
fallout deposition model, and m^ is the average weight of the fish. It 
can be seen that the distribution of the atoms deposited in a real 
marine environment is a complicated function of the biological community, 
including the dietary habits and the reproduction and growth patterns of 
each member. 


Absorbed Dose for Humans 


Once estimates have been made of the human ingestion rates, , of 
each radionuclide, i, to be considered, it is possible to generate reason¬ 
ably reliable estimates of the dose to any organ, k, from each nuclide, 
These estimates are based on simplified representations of the human in¬ 
gestion, organ assimilation, and body elimination processes. These rep¬ 
resentations are much the same as those postulated by the International 
Committee on Radiation Protection,and much of the data on the model 
parameters is taken from their report. 

There are two major divisions of the absorbed dose model. The first 
deals only with those organs in the gastrointestinal tract. The assump¬ 
tions of this model, as given in a separate Stanford Research Institute 
report,'*® are: 

1. The absorbed dose (in rads or rems) of each gastrointestinal 
(GI) tract organ is equal to one-half of the absorbed dose 
calculated for the contents of that organ. 

2. No radioactive atoms pass across, or through, the wall of the 
stomach and large Intestine. 

3. A given fraction of some of the soluble radioactive elements 
passes across, or through, the wall of the small intestine as 
long as the contaminated food (or water) remains in this organ. 


76 





4. The contents of the digestive tract move continuously from one 
organ to the next at: rates (and in amounts) determined by the 
intake rate assumptions of the model, 

5. The radioactive atoms are uniformly distributed among the organ's 
contents as soon as they enter that organ. 

6. The steady-state concentration of a radionuclide in the contents 
of a given GI tract organ is reached, after first entry of the 
food (or the contents), in a time equal to the average time that 
the contents normally stay in the organ. This assumption is re¬ 
quired to follow assumption No. 4 in order to adjust the concen¬ 
tration to the condition for a uniform rate of ingestion. 

The second model deals with all of the remaining body organs, includ¬ 
ing the total body considered as one organ. Using the results of the gas¬ 
trointestinal-tract model, it assumes, in addition, that a given fraction, 
fik, of the amount of radionuclide, i, entering the blood at any time is 
immediately taken up by organ k. Furthermore, it is assumed that the in¬ 
stantaneous rate of elimination of the nuclide is proportional to the 
amount of that nuclide present in the organ at any time. The proportion¬ 
ality constant is \i k , biological exchange rate. However, in calcu¬ 

lating the rate of absorption from the blood, only the material entering 
the blood from the small intestine is considered; no provision has been 
made to consider the possibility of the recycling of materials excreted 
from other organs into the blood. 

With these assumptions, it is now possible to write down a simplified 
differential equation for the number, N^j t (t), of atoms of a particular 
radionuclide, i, in an organ, k, at time t. This equation is 


dN (t) 

“dt- = g<t) " ^ N ik (t) ' fc a * t 5 fc b (43) 


where g(t) is an uptake rate function whose form depends on the organ 
involved and the time period, t a to for which it is valid. The 
equation also involves an elimination rate corstant, p. which is the sum 
of the radioactive decay constant, and some number of biological or 

physical decay rates, any or all of which may also be zero. In order to 
solve Equation 43, it is also necessary to specify an initial condition, 
which is usually taken to be N ik (t a ), With this initial condition, the 
solution can be written in the completely general form. 


N. R (t) = J g(t')e"^ (t ~ t J dt' + N ik <t a )e"^ (t " ta \ t ft £ t £ t (44) 

*a 


77 






There are usually at least two time periods to be considered in the 
calculation of N^. The first begins when the first radioactive material 
reaches the organ (i.e., Nifc(t a ) = and is called tlie buildup period. 
This period ends either (1) when the organ reaches a state where food and 
radioacitve elements leave the organ at the same rate they enter, as in 
the digestive tract, or (2) when the blood concentration lias stabilized, 
except for radioactive decay, as for the remaining body organs. At that 
time, the uptake rate function, g(t) f changes, and the steady-state period 
begins. The latter is usually of indefinite duration; i.e.. it holds for 
all t £ tjj, where t^ is the end of the buildup period. 

As an example, consider the stomach as the organ of interest. A 
radionuclide, i, enters the stomach in food and water at a rate of Uj 
atoms per day. (In the simplest case, = U°e“'*'’i t: , where U? is a zero¬ 
time ingestion rate.) For this case, the rate of change of the number of 
atoms of nuclide i in the stomach is represented by 


dN 


ik 


dt 


= U i - W' *0 


£ t £ t. 


(45) 


By the second assumption, only radioactive decay depletes atoms in 
the stomach. The times, t^ and tj, are the time that ingestion of radio¬ 
active food begins and the time that the stomach begins to pass this food 
to the small intestine, respectively. The solution, in the simplest case, 
is 


"ik ■ »o s,s *i <•»> 


in which N.^tg) has been set equal to zero. 


In the steady-state peiod, as many nuclides leave the stomach and 
enter the small intestine as enter the stomach so that g(t) becomes zero 
and 


dN 


ik 


dt 


= -X.N., 
l ik 


t £ t 


(47) 


Again, the simplest case has the solution 


N 

ik 




t S t. 


(48) 
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in which N., (t_) has been set equal to U°(t - t )e ^i*T. 

1 k 1 i 1 0 

For solutions for other organs and for absorbed dose functions asso¬ 
ciated with the presence of the radionuclides in each organ, see Refer¬ 
ence 38. 


Long-Term Human Response to Ionizing Radiation Doses 


Tito currently available estimates of the long-term biological response 
to ionizing radiation doses are summarized below ns a function of the 
exposure and/or absorbed dose. It is not possible to specify the distri¬ 
bution of long-term doses in the population without detailed knowledge of 
the living routines and the environment of the population. However. It 
is possible to specify an upper limit For absorbed doses that should not 
be exceeded if people are to avoid curly effects of radiation. An l\Hl)(mux) 
of 200 roentgens Is gene rally considered lo be the threshold for early 
effects of radiation. Unfortunately, the l-.llb is neither a measurable 
phenomenon nor very convenient to use in some applications. Honee. a 
consistent and convenient set of criteria, using measurable phenomena, was 
developed to approximate the 200 roentgen KRD(mux). Using these criteria, 
civil defense programs would be designed to limit radiation exposures to 
190 roentgens in 1 week. 270 roentgens in l month, and 700 roentgens In 
1 yoar. Only people who reside in areas having very high levels of full- 
out. or who are required to operate vital systems in such areas, should 
appreach these limits. The response data and estimates of the long-term 
effects at the threshold doses for short-term effects are given in the 
following summary (for each long-term response), as obtained from Refer¬ 
ences 78 through 81. 


Leukemia 


ft =1.2*10 (D - 100)N cases/yr 
c e 


('19) 


where I.) Is the external dose in roentgens received by the number of people, 
N e , so exposed over the time of l year. 

rA* = 5,0 x 10 cases/yr (50) 


where is the normal incidence rate and N.j, is the total population the 
rate doubling dose is about 150 roentgens. 



1 


(51 ) 





whore is the absorbed dose in rem to tho whole skeleton from radio¬ 
nuclides assimilated by the bone. 

Exposure to 700 roentgens of external gamma radiation within 1 year 
would result In 720 additional cases of leukemia per year per million 
people exposed u3 compared with 50 casco per year per million people itt 
tho peacetime population. 


Polio Tumors 

-7 

ii - 2.0 x 10 (D - 100)N cacon/vr (52) 

c o 

h' => 2.0 X lo' 7 (U, - 1.500)N eaaea/vr (53) 

c bo' 


Exposure to 700 roentgens of external gamma radiation within I year 
would result in 120 additional eases of bone tumors per year per million 
people exposed. 


Sterility and Fertility 


Single Exposure Dose 
to Gonads 0 

(roentgens) Response 


25 

100-200 

200~400 b 

400-600 b 

^ ort/>b 


Threshold for detectable temporary 
tissue damage 
Temporary subfortility 
Temporary sterility In most men and 
womon for 1 to 2 years 
Permanent sterility in many pooplo 
Pcrmar.cn t sterility i r. mes ‘ poop 1 e 


u Response is more prodominnnt at the lower dose whon received 
at low dose rates over a long period of time, 
b A whole-body dose of these amounts would bo lethal. 


Whole-body doses that would accompany a short-term dose of 200 roent¬ 
gens to the gonads (threshold dose for temporary sterility) would exceed 
the exposure dose criterion of 190 roentgens in 1 week. Permanent sterility 
should not ho expected in many healthy survivors as a result of external 
gamma radiation to the gonads resulting from radiological fallout since 
the threshold doses for this rosponso are in the lethal range. 
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Radiation Cataracts 


Exposure Dose 

(roentgens) Response 


200 

400 


550 


500 


u 


Threshold dose fox - a single exposure 
Threshold dose for exposures of 2 Co 12 
weeks duration 

Threshold dose for exposures of more 
than 12 weeks duration 
Threshold for clinically significant 
cataracts, single exposure 


a A whole-body dose of tills amount would be lethal. 


The threshold doses for radiation cataracts are comparable to the 
maximum permissible doses for emergency operations developed in this 
research. The threshold for clinically significant cataracts is compar¬ 
able with the criteria for fatal radiation doses. Hence, although some 
development of radiation cataracts is to bo expected, relatively few 
should bo clinically significant. 

a 

Shortening of Life Span 
Brief doses: 


-A Y/Y 


a x 


10“ 5 D; 


D S 150 


(54) 


where I) is the exposure dose in roentgens and -AY/Y is the fractional 
decrease in life Bpan. 

-AY/Y = 1.2 > 10 exp(0.0l28 U)j 150 s D s 500 (55) 


a AY/Y is taken as the midrange value for those estimated as being appli¬ 
cable to a given exposure-dose range: in all cases, the spread in the 
reported -AY/Y values Is within ' 0.5 AY/Y as calculated from the 
formula. 


Hi 



One-month doses (approximately): 


-AY/Y = 8 x 10" 5 D; D s 150 (56) 

-AY/Y = 3,4 x 10~ 3 exp(0.0057 D); 150 £ D 2 1,000 (57) 

Protracted dose (many months): 

-AY/Y = 8 X 10“ 5 D; D £ 2,000 (58) 


Exposure to 190 roentgens in 1 week or 270 roentgens in 1 month would 
shorten the life span of individuals so exposed by 0.015 percent, or up to 
1 year, depending on the age at the time of exposure. Exposure to 700 roent¬ 
gens in 1 year would shorten the life span of individuals exposed by 
0.056 percent, or up to 4 years, depending on the age at the time of 
exposure. 


Genetic Effects ** 

Persons with impaired vigor or fertility: 

_3 

n = 6 X 10 N'D cases 
a a 


(59) 


where D is the exposure dose in roentgens and is the number of pro¬ 
ductive parents that have received the exposure dose, D, up to the time 
of conception and that produce offspring at an average rate. 


a Values of n x are for the number of cases over many succeeding genera¬ 
tions where all original parents receive the dose, D: the equation 
constants were derived from midrange values of reported estimates of 
genetic effects, with the spread in the latter being within a factor 
of 2 of the midrange value. The upper limit value of D is not speci¬ 
fied, but it is assumed to be equal to the threshold dose for lethality 
of the parents. To estimate the effects for the first generation, 
divide the calculated n x values by 30, 





Fetal or neonatal deaths: 


% = 


3 v 10" 3 N' 
b 


D cases 


(60) 


where Is the number of conceptions for people having received the 
exposure dose, D (normal number is 0.1 N^). 

Stillbirths and early childhood deaths: 


-3 , 

n = 1 x 10 N D cases 
c c 


(61) 


where is the number of pregnancies for parents that have received the 
exposure dose, D (normal number is 0,05 N c ). 

Infant mortality during first year of life: 


-4 , 

n, = 1.3 * 10 N D cases 
d d 


(62) 


where Nd is the number of parents that have received the dose, D (normal 
number is 0.026 Nd). 

Major defects in newborn: 


-4 , 

n = 3 X 10 N D eases 
e e 


(t>j; 


where N^ is the number of live births from parents that have received the 
exposure dose, D (normal number is 0.025 N fc ). 

Exposure of both parents to 700 roentgens would result in about 
140,000 cases of impaired vigor or fertility per million parents in the 
first generation. If the entire population was exposed to 700 roentgens, 
a total of four additional offspring per originally exposed normally 
productive parent would have impaired vigor or fertility over many suc¬ 
ceeding generations. 

Exposure of both parents to 700 roentgens would result in increasing 
the fetal or neonatal death rate from tike present 10 percent to 17 percent 
in the first postattack generation. If the entire population were exposed 
to 700 roentgens, a total of two additional fetal or neonatal deaths per 
conception by originally exposed parents could be expected over many gen¬ 
erations. 
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Exposure of both parents to 700 roentgens would increase the still- ! 

births and early childhood deaths from the present 5 percent to 7 percent I 

in the first generation. If the entire population was exposed to 700 
roentgens, one additional stillbirth or early childhood death per concep¬ 
tion by the originally exposed parents could be expected over many gener¬ 
ations . 

Infant mortality in the first year of life would increase from 
26,000 to 29,000 per million parents in the first generation if both 
parents are exposed to 700 roentgens. If the entire population is exposed 
to 700 roentgens, infant deaths could be expected to increase by 91,000 
per million originally exposed parents over many succeeding generations. 

If both parents are exposed to 700 roentgens, major defects in new¬ 
born infants could be expected to increase from the present 2.5 percent 
to about 3.2 percent. If the entire population were exposed to 700 roent¬ 
gens, 210,000 additional birth defects could be expected per million live 
births in the fii’st generation. Unfortunately, no data are available for 
estimating the genetic effects that might result from mixed doses (e.g., 
one parent being exposed to 700 roentgens and the other having no exposure). 


Gut Response, Internal Emitters 


Absorbed Dose 
(rads) 


Response 


100 
1,000 
1,300 


Threshold for nausoa, vomiting 
Threshold for tumor production 
Threshold for acute radiation injury 


In the cases considered in the third section of this report, the 
absorbed dose to the lower large Intestine was well below the threshold 
for nausea and vomiting. 


Thyroid Response, Internal Emlttor s u 


Absorbed Done 
(rads) 


Rooponae 


10,000 i 6,000 
80,000 20,000 
150,000 ' 50.000 


Threshold for hypothyroidism 
Central destruction of thyroid 
Complete destruction oi thyroid 


ft For adult humans. Infant thyroids me more highly euseoptlblo is 
damage; threshold exposure dose lor carcinoma In the thyroid ol 
children ami young adults for « brief exposure |« about 200 roentgens. 


ml 
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In the cases considered in the third section of this report, the 
absorbed doses for adult humans were less than the threshold for hypo¬ 
thyroidism. An external dose that would result in a brief exposure dose 
of 200 roentgens to the thyroid of children would exceed the selected 
whole-body exposure dose criterion. narger brief-exposure doses would 
result in the whole-body syndrome. 


Computer Program Data Base 

Diets, Crop Yields, and Planting and Harvest Dates 

In order to apply the derived contamination and other model equations 
to an attack on the United States, it was necessary to set up an agricul¬ 
ture and livestock data base. The county was chosen as the smallest geo¬ 
graphical division, dictated by the data base in the U. S. Census of Agri¬ 
culture for 1959 . 82 

Accordingly, each of the 3,071 counties in the United States was 
assigned an identification number, and the centroid was located in both 
Universal Transverse Mercator and latitude and longitude coordinates. In 
the case of 90 large western U.S. countier, the agricultural centroid was 
chosen. 


The following types of data were then recorded for each county: 

(1) acres to each of 48 crops; (2) plant-harvest dates for each crop; 

(3) acres to pasture; (4) mean annual rainfall; (5) exchangeable Ca' 1 '*' 
in soil; and (6) number of cattle, milk cows, swine, sheep, and chickens. 


83 

Crops were included on the basis of importance in the 1955 U.S. diet 
and importance as fodder. The major food items (of all kinds), abstracted 
from Reference 83, are shown in Table 25; the crops selected for this study 

» vi a l\ Alim 4 » > 'P ri hi p 0 & f r\/ypf UpM in4 1 u wpwvpqopf-q t i vp w-i « l rlq Pn r> 

111 V ill i niliv j v v v ub * w* vu vui i Vu v i y i bj/ibovhvttv jivb jrA.Vj.taK>* i vi 

this study, crop means a particular planting of a given item (e.g., sum¬ 
mer carrot Is one crop and winter carrot is another). This was necessary 
in order to properly assign plant-harvest dates and acreage. For this 
reason, the 22 items listed in Table 26 multiply into 48 crops. 


Planting and harvesting dates were 'tec-^sary in order to determine 
(l) whether a crop was standing at the time of attack, (2) if the dose to 
farmers would have precluded harvesting, (3) if the land could have been 
entered at the next scheduled planting, and (4) the times over which 
worldwide fallout was to be integrated for root uptake and foliar contami¬ 
nation assessments. Those plants that stand all of the time (such as 
alfalfa, timothy, and the fruit trees) were assigned a "planting' date ot 
1 day after the harvest date. 

Plant-harvest data were taken primarily from Reference 84. with sup¬ 
plemental information from References 85 through 90. Representative values 
of planting and harvesting dates by crop are shown in Table 27, although 
the particular valves entered in the computer program actually varied 
considerably from one county t;o another. 
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Table 25 


CONSUMPTION OF MAJOR FOODS PER PERSON 
IN THE UNITED STATES 
1955 


Consumption 

Rate 


Milk, all forms 
Meat, poultry, and fish 
Beef 
Pork 

Lamb and mutton 
Poultry 

Fish all kinds 
Wheat 
Potato 
Sugar 
Orange 
Fat and oil 
Egg 

Tomato 
Sweet corn 
Bean 
Apple 

Grain other than wheat 

Lettuce 

Grapefruit 

Melon 

Cabbage 

Peas 

Onion 

Peach 

Carrot 


a Table weight basis 




Table 26 


YIELDS OP SELECTED 

U.S. CROPS a 


1962 

S£2£ 

Fresh Yield 
(tons/acre) 

Notes 

Leguminosae 

Pea (Pisum sativum) 

1.0 

seeds 


2.5 

pod and seeds 

Bean (Phaseolus vulgaris) 

0.75 

dry- 


2.5 

snap and wax 

Soybean (Glycine max.) 

0.75 

seeds 


2.5 

hay 

White clover (Trifolium repens) 

2.0 

hay 

Alfalfa (Medicago sativa) 

2.3 

hay 

Gramineae 

Sorghum (Sorghum vulgare) 

1.1 

grain 


2.0 

foliage 

Corn (Zea mays) 

1.4 

grain 


1,75 

ear 

Oat (Avena sativa) 

0.64 

grain 


2.0 

hay 

Barley (Hordeum vulgare) 

0,75 

grain 

Wheat (Triticum vulgare) 

0.75 

grain 

Timothy (Phleum fratense) 

2.0 

hay 

Chonopodiaceae 

Sugar beet (Beta vulgaris) 

17 


Amaryllidaceae 

Onion (Allium cepa) 

13 

dry 


Cruelferae 

Cabbage (Brassica capitata) 16 


a From Reference 85 
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Table 26 (concluded) 


Crop 

Rosaceae 

Apple (Maius and mill.) 
Peach (Prunus persica) 

Rutacceae 

Orange (Citrus sinensis) 

Umbe Hi ferae 

Carrot (Daucus c*rota) 


Fresh Yield 
(tons/acre) 


0.145 tons/tree 
0,048 tons/tree 

0.125 tons/tree 


8.6 


Solanaceae 

Potato (Solanum tuberosum) 9.6 

Tomato (Lycopersicon esculentum) 10 


Compositae 

Lettuce (Lactuca sativa) 


8.5 


Notes 
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Table 27 


AVERAGE PLANTING AND HARVEST DATES, BY CROP 


Day of the Year 
Crop Pi ant Harvest 


Corn 

136 

289 

Sorghum 

103 

288 

Wheat, winter 

278 

190 

Wheat, spring 

110 

228 

Oat, winter 

281 

163 

Oat, spring 

98 

198 

Barley, winter 

278 

173 

Barley, spring 

105 

216 

Dry bean 

152 

258 

Soybean 

147 

285 

Alfalfa 

205 

204 

Clover and timothy 

198 

197 

Oat and other hay 

98 

197 

Potato 

130 

252 

Green pea, spring 

89 

165 

Green pea, summer 

119 

197 

Sugar beet 

112 

289 

Tomato, winter 

349 

60 

Tomato, spring 

50 

150 

Tomato, summer 

135 

224 

Tomato, fall 

156 

252 

Sweet corn, spring 

46 

144 

Sweet corn, summer 

136 

232 

Sweet corn, fall 

232 

316 

Sweet corn, winter (Florida) 

319 

66 

Snap bean, winter 

362 

45 

Snap bean, spring 

80 

152 

Snap bean, summer 

145 

223 

Snap bean, fall 

231 

294 

Cabbage, winter 

308 

43 

Cabbage, spring 

28 

134 

Cabbage, summer 

135 

230 

Cabbage, fall 

187 

224 

Dry onion 

95 

243 

Carrot, winter 

290 

43 

Carrot, spring 

22 

132 

Carrot, summer 

140 

243 

Carrot, fall 

210 

320 

Lettuce, winter 

286 

24 

Lettuce, spring 

344 

107 

Lettuce, summer 

125 

200 

Lettuce, fall 

220 

315 
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Table 27 (concluded) 




Day of 
Plant 

the Year 

Harvest 

Apple 


251 

250 

Peach 


222 

221 

Valencia 

orange (Arizona) 

62 

61 

Valencia 

orange (California) 

202 

201 

Valencia 

orange (Florida) 

110 

109 

Navel orange (Arizona) 

365 

364 

Navel orange (California) 

46 

45 
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Foliage Contamination and Crop Casual ty Program ( Loc a I Ka1 lout) 


Using the inputs described, and the dose criteria established else¬ 
where in this report, the following computations were made for each 
crop-county combination: 

1. Total acres devoted to crop. 

2. Cumulative harvestable acres on which foliage was contaminated 
to a given level (atoms/gm) for each of six radionuclides. 

These were cumulated, by acres, for a selected series of con¬ 
tamination levels in atoms/gm. 

3. Acres destroyed by direct external gamma radiation, using 
lethality criteria described elsewhere, 

4. Unharvestabie acres (acres, the harvesting of which, at the 
normal time, would have led to an ERD(max) greater than 200 
roentgens, under the conditions described elsewhere). 

5. Unplantable acres (acres, the planting of which, at the normal 
time for the next crop, would also have led to an ERD(max) 
greater than 200 roentgens). 

6. Unplantod acres (acres of crop not yet planted at time of 
attack), 

Results were printed out by crop-state, with national summaries for 
each crop. These were further summarized nationally for like crops, such 
as spring and winter wheat, labeled wheat. 

As mentioned previously, foliar contamination, us computed, is the 
gross superficial number of atoms per gram of plant above ground. The 
cor responding quantity for Uio nonremovable and absorbed activity In 
the fruit or edible part in considerably lower. The fractions, fp, by 
which the computed value# are to bo multiplied to obtain edible-part 
concent rati olid are given in Table 28, They were estimated from the fol¬ 
lowing allowances.* 

Root vegetables.' 


Fruits, grains, 
and pod vegetables: 


Unify vegetables: 
Hay: 


No direct relation between top contamination 
and root content, but 0,1 of foliar contamina¬ 
tion allowed for unavoidable contamination in 
harvest lug and 0.1 for processing 

O.tf for growth of the pi uni (on the average) 
after contamination and 0.01 to 0.02 for absorp¬ 
tion Into tissue. Wheat flour/graln, 0.2^ 

0,. r ) for growth and 0.1 lor processing 

0 .ft for growth only 


0 1 




TabU 28 


FRACTION OF GROSS FOLIAR CONTAMINATION 
FROM LOCAL FALLOW ASSOCIATED WITH EDIBLE PLANT PARTS 


Crop 



Sweet corn 
Sorghum grain 
Wheat 
Grain 
Flour 
Oat 
Hay 
Grain 
Barley 
Dry bean 
Soybean 
Alfalfa 

Clover, timothy, and 

Potato 

Green pea 

Sugar beet 

Tomato 

Snap bean 

Cabbage 

Dry onion 

Carrot 

Lettuce 

Apple 

Peac h 

Orange 


0.005 
0.005 

0.005 
0 . 001 

0. 5 

0.005 

0.005 

0.005 

0.005 

0. 5 

other hay 0.5 
0.01 
0.005 
0.01 
0.01 
0.005 
0.05 
0.01 
0.01 
0,05 
0.01 
0.06 


a All nuclidea 
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The effects of a nuclear strike on Lho cow population and milk pro¬ 
duction were assessed by calculating, on a county bnsis. the following: 

1. Total cows, 

2. Cows surviving direct gumma radiation. The exposure dose cri¬ 
teria for both the cow and the farmer. In terms of the limiting 
H T 1 Intensities, are presented elsewhere. 

3. Milk production. In liters per day, from cows surviving on 
pasture land contaminated to a given level (atoms/gin) for each 
of six radionuclides. These were cumulated in ten concentration 
ranges, one-half decade wide, extending from < 5 x 10 8 to < 10 13 
atoms/gm. As discussed elsewhere, the pasture grasses always 
survive if the cows survive. 

The results were summarized by state and nation. 


Postattack Crop Contamination Program 

This program was concerned with the entry of radioactive atoms into 
the edible parts of the crops planted subsequent to a nuclear attack. 

In this study, only the first crop following the attack was considered. 
Computations were made for two mechanisms of nuclide entry into the food 
chain under the following conditions: (1) uptake, through the root 
system, of available nuclides deposited on the soil with local and world¬ 
wide fallout, the latter integrated up to planting time, and (2) fruit 
and edible-part contamination from worldwide fallout, integrated over 
the harvest month. 

The areas identified as unplantable from the foliage contamination 
program were excluded from the calculations of the crop contamination 
levels. The results were again expressed as the number of cumulative 
acres on which plants were contaminated to a given level. Root uptake 
results were obtained for all six radionuclides but sufficient data for 
assessment of foliar contamination were available only for Sr-89 and 
Sr-90■ State and national summations also were computed. 


Ex ternal Dose Criteria 
Dose to Humans 


The limiting external dose for farming operations was set at an 
ERD(max) of 200 roentgens. The external radiation dose received by the 
farmer depends on the general radiation environment and the available 
protoetIon ho has from this environment. In this study, the two condi¬ 
tions of protection afforded the farmer were (1) shelters with a protec¬ 
tion factor (PE) of 10 and (2) shelters with a PF of 1,000. 




The first condition was an assigned value that was considered rep¬ 
resentative of currently available shelters on farms. The shelter 
residual numbers, (residual numbers are the inverse of the shelter 

PF's) consequently were 0.1 and 0.001, respectively, The selected 
maximum shelter stay time was 2 weeks. After the initial shelter period, 
the harvesting residual numbers (RN 3 ) assigned were 0.4 for the first, 
condition and 0.3 for the second condition. The harvesting and planting 
periods were set at 1 week for all crops. While the funner was not 
engaged in harvesting, a residual number (!?N 0 ) equivalent to a living 
routine in which the farmer spent 1 hour oacfi day outside of the shelter 
was also assigned to the second condition. 

For the next planting, the case with the good shelter (PF * 1,000) 
assumed a routine in which the fawner spent half the time in the shelter 
and half the time outside, where the offoe dive residual number Is 0.3 
for the times after the initial shelter stay time ( 1 , 0 ,, up to planting 
time). Also, If the estimated initial shelter stay time exceeded 30 days, 
evacuation to a clean area at 2 weeks after attack was assumed. An 
8 -hour evacuation with an effective l’F of 2 was also assumed. IX area 
reentry (for continueu stay thereafter) was possible for the assumed 
total dose limit by the time of planting, the orop was included in the 
calculation as being planted. 

If the limiting ERD(max) wore expresaod In tonus oi an exposure 
dose, D*, for a specific period oi time, then 


D* " ljOtNjDHMj I- 1 IW.jDKM.j) (01 


where Ij la the standard intensity and iihW i n the dose ratv tiiullipliur 
for the specific time period (IJIlMj for alioltqr period, WIM for mi inlet— 
modlate period, and DHM for harvest or long-term period) ‘ Also, whuru 
harvesting or planting immediate]y follows the ulieltur period, DIIM,, - n, 


Mini ting Jj values wore determined rnr variouu harvesting or planting 
entry Limes of I) 1 1 or ! a tor, Crept* not destroyed by the attityk and 
roudy for hnrvoet were countdorod either ha rvun Lull !e or lost. depending 
upon whether the existing fallout tovein perm) lied or denied 1 n«i I'armur 
entry to harvest al Imrvoal limn. The following eetuion '0 cjn.ipo wore 
also considered lost 1 f t.hu iarmer (or other nourru oi manpower) would 


be don i od tiros entry to plant nl planting 1) nisi, 'l is*? i j j‘i i i } *jj? 
(or various entry times I or the two i'l rnuii 1 ■■ma nro iiBted 


i n 1 ah I n .ur 


In the cano where IT „ 10, ij values greater than 707 r/hr at ! hr 
would give 1 ho fnrotor an kill) greater than yoo roontgonu while •.till m 
sliolter. Therefore, the Inrmer t e one 1 doled i in upauItaled m unavnil- 
alile for harvesting or planting I i ( uin : oodu 707 r nr at ! In. 
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LIMITING J [ VALUES FOii VAHI0U8 RKTIIY TIMES 


<r/lii' at I hr) 



llarvost or 

Vi rat 

Pi an Unit 
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S* until 
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4 
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'A, 000 
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8 
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8,300 
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:t, uoo 

0 

836 

8.750 

035 

4,200 

7 

670 

3.200 

070 

4.006 

ft 

000 

3,760 

000 

5,000 

0 
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8,000 


6,700 
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12,000 
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00 


16,000 
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31,500 
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toflo to Farm AniimUe .-mil Poultr y 


In order to uniiuun and fiitrnmut'ibiological damage to farm animals 
and poultry by rofllduul gamma radiation front fallout from 0 nuclear attack 
on the United States, it in neeprisarv to (1) dofino the fallout radiation 
Intensity variation within the boundarlon of the United Suites where the 
ofiectn arc to be nenonngd, (2) dottmnJno, from agricultural census data, 
the geographic* distribution of tilt* Farm nnlmnlo of interest, and (y) annlvz* 
data from I and 2 together with acceptable radiation done criteria to 
determine (lie degree of biological dainego within proscribed arena, Cunm- 
lative hianmapjoa of biological of recta can then bo obtained by state, 
region, or iini inn. 

Two different nuclear at t aalo) mi (he United /itatoo have boon postu- 
ifilad for the proaent study. Uuoh 001 of attack conditions has been used 
a» input for r» fallout model to predict radiation intenaitioe that, would 
eceur at (i • 1 hour at one p-itut within nnoh county In the United States, 

1111! county wna chosen 88 tho baalo geographic unit bocauuo agricultural 

nonfniH data 1** compiled by aouiuy, 

The figP tuul lure ceil ana of 1039 wan the source for information on the 
goographld dialI'lbutJoh, by county, of fm'in animal* and poultry. The data 
wore adapted for computer manipulation by punching cards from published 
data or. in a few canoe, by using countv summary enrdu obtained from the 
bureau of the Conmio, In nil unntm, count to* reporting Iobb than 1,000 
animals or aliitdiuhe wore omlttod (to reduce machine computation time) 
without Borimifliy nffooting the fiunmiiw-iiod reaulta, 

Table ,'th preaenia the* lethal (loan values unod for aoloctad farm 
animals in tlm present aompulationa to ftBftuaa tho biological effects of 
the two atiooliU, It ie rooagnisBfnl that most of tho f.p /30 values wore 
otiLAiiiijd cirtpor iinout (i Si y under OKpOtiurv oondltiona different from those 
that might bo exporteneed after o nuclear attack. Many experimental 
exposures involve 0 monoeiiorgelto riidiution source (single radionuclide) 
which* for omivoiiiemio, tiun « hnll-Hfo that la long compared with the 
expoettre par tori. Hitch 11 ooureo does not simulate fins ion-product radia- 
i ion etc hoc in the decay of dose rule nr change of energy spectrum with 
lime, Point radiation ftpurcon have boon used experimentally and do not 
Aliniiialu either the* plane eotirct* doao to animals outdoors or the complex 
nxpoaorea within hnriis or chicken houses. Tho value a for LD^^/JO are 
mit 1 niiites tnr title lunr at l eek oxpomir«n , 

One point ftiHiially tho geographic center) of each county was taken 
us <) point ni intereat wn«ro nil tnriii animals In the county were assumed 
to to- c..n,,ni *•,( 1 *.i| for nusongnioiil ol biological effects of radiation 
intemtH t(*A citmpiiind at tho sriine point. Although variations in radiation 

I ill via ! l y hill occur wllhJn tho county boundin' ten , the point of interest 
• Irtnoii ropiCMU'iiled 1.lie cut i re county because details of animal distrlbu- 

II in within 1 he county were not aval lab lc, 


lie 







Table 30 


RESPONSE OF ANIMALS 

TO BRIEF EXPOSURES IN EXTERNAL GAMMA RADIATION FIELDS 
IN TERMS OF LD IN 30 DAYS 


Species 


LD 


50 


/30 


(roentgens) 


Cattle and calf 540 
Milk cow 540 
Swine 510 
Sheep and lamb 520 
Chicken 900 
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The dose contribution from each weapon was computed for each county 
point by integrating a dose rate decay curve from time of fallout 

arrival to 7 days later. 

“ 1.2 

This procedure assumed that the t ‘ function closely matched the 
true fission product decay curve and that dosos during fallout buildup 
between time of arrival and cessation were not a significant part of the 
total dose. The total 7-day dose used for each county point wa» tho /nun 
of the dose contributions from all weapons whoso H + 1 intensity at thy 
point was greater than 1 r/hr. 

After the 7-day doses were computed for each county point, the 
LD 50 /30 values from Table 30 wore used ns follows to determine if tho 
livestock survived: 

Jd < LD,.q/ 30 All fllii'ViVwil 

Yd > LD^q/ 30 All died 


Dose to Agricultural Crops 

Table 31 presents tho lothal doao vn 1 tie a unod for eoloctod farm crops 
to assess the biological effects of tho pootulatod nuclear wUnutia. Homo 
values taken from Reference 91 may bo Inaccurate owing to UheortointloB 
in translation from Russian. Comparable data lira titirrontly being oh l ft I nod 
by A. II Sparrow at the flrookhaven National Laboratory: when iliyny tiro 
available, they will be used to replace the dofton in Table 31, 


In the reported plant response done data, uumo apparent discrapaneI os 
occur between tho 24-hour done, which produced never 1 * dOiRfigu, and Uu? 
acute lethal dose, which hud no dose rate spec mod, Ip homo onuyu, the 
acute lethal dose could not have boon admin»ui.oi'vO within tljy crop grow* 5 
ing period without exceeding tho constant <k»@o rate that would pi'Odiiuu 
severe damage in tho first 24 hours, lioguuav of thp underlain rolfiLlon - 
ship between dose rates producing Huvuro damage end Ihono producing loih = 
ality in 7 clays, tho report of oolite lollinl do&ee wnu ent in half lo 
achieve closer correlation between tho two dn«o rates. 


Most of the experimental cJono viiIuph wore nlifainud under ygpoeure 
conditions different from thoiiu pniiLuiaied b> ij nuclear atLuuH, Httperl" 
mental procedures gonorully did not a I mu In to rad) n l Ion fi'nm noliml fisll- 
out in either geometric configure* IIop or elmtigc oi do»u rulu and unor H v 
spectrum with time. 


The abovo dose criteria were unotl In eoniMnri Ion with radial ion in* 
tensity dnta obtained from falloui model t it It iila i | one | 0 r i|,„ pita l a la i od 
nude ft i attacks and geographic crop dl at r Ihttl Ion data l t ofn the agrp til lural 
census to do term! no whelhor or not an existin« crop In a j-tvon muni v 
received « lethal float*. Furthor d,ih« . iiioj'lii i t l..fh.,/ t,. *,.*» 
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Table 31 


GAMMA RADIATION SENSITIVITY OF PLANTS 



7-Day Lethal Dose 

Common Name 

(roentgens) 


Oraino 


Corn 

7,500 

Sorghum 

(7,500) 3 

Wheat 

10,000 

Oat 

25,000 

Hni’loy 

(20,000) 

Fluid Crops 

Dry field and 3eed beans 

12,000 

Soybean 

12,000 

Alfalfa 

50,000 

Clover and timothy 

25,000 

Irish potatoes 

4,500 

Tobacco 

50,000 

Green pea 

10,000 

Sugar boot 

(12,000) 

Tomato 

3,000 

Swoot corn 

7,500 

Snap boan 

(5,000) 

Cubbago 

50,000 

Dry onion 

5,000 

Carrot 

(5,000) 

I/OttUCO 

12,000 

Pnntnpo 

7,500 

Troofl 

Apple 

(5,000) 

Pone h 

(5,000) 

Orange 

(5,000) 

Loblolly pine 

7,500 

White pine 

7,500 

Hickory 

< 30,000 

White onk 

> 50,000 

Black oak 

> 50,000 


a Values In parentheses are estimated values 
(also Indicate plant species for which no 
response data have been reported); the esti 
mutes were made using the assumption that 
similar species have similar responses to 
r« (5 i von rad i a t i on dose. 
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then applied; the latter govern what action (harvesting or planting) could 
be taken on existing and future crops, as previously described. 


j Damage to Forests 

^ Under conditions where rather extensive areas of the United States 

would be subjected to heavy deposits of local fallout, the gamma radiation 
doses in some areas would be sufficient to damage or kill certain tree 
species in forests. Although these acute radiation doses would not be 
extensively damaging to the mature trees for use as lumber (at some later 
time when residual radiation dose rates have decayed to a level permitting 
normal logging operations), natural growth recovery of the trees within 
a short period of time would be doubtful above a given exposure, as dis¬ 
cussed in the first section of this report. The time at which either 
artificial or natural reforestation may be initiated in a given area 
would depend on the magnitude of the radiation levels and exposure doeos. 

The evergreen coniferous forests which predominate in the western 
United States are less resistant to radiation damage than the deciduous 
hardwood forests of the eastern part of the country. The exposuro done 
criteria for recovery of forests, as given in the first section of this 
report, were utilized to delineate areas within which coniferous forests 
and deciduous forests may not recover within a period of 2 years. The 
fallout standard intensities at which forest survival would bo oxpoctod 
are 1,200 r/hr at 1 hr, or less, for coniferous forests and 6,000 r/hr 
at 1 hr, or less, for deciduous forests. 

During the time period of the study, it was not feasible to develop 
the data for estimating the amount of timber in the highly contaminated 
areas where many trees would likely be killed or the likely poetatluck 
times when it would be feasible to recover and stockpile lumbor from the 
killed trees. (For the attack patterns assumed in the study. It was 
apparent that the total forest area affected by high fallout level*) wan 
much greater than that subjected to thermal phenomena from the nuclear 
explosions.) 
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ASSESSMENT OF BIOLOGICAL EFFECTS 


Introduction 


Tho assessment of the biological effects mainly consists of summaries 
of numerical results from computations using the various mathematical 
modela and process representations described in the second section of 
this roport as applied to tho attacks assumed for the study. 

The major portions of the model system (see Figure 2) not completed 
or incorporated during the study were (1) food processing industries, 

(2) transportation and food distribution systems, (3) external gamma-dose 
burdens of survivors, (4) derived diet model, and (5) ingestion-rate 
routinon for all anlmaln. 


I/i this suction, tho estimated biological effects on humans are 
ilmitod to tho computation of tho absorbed doso in several body organs 
from aneimilatlon of several opocific radionuclides in fallout. The 
assumptions for making those estimates, without the undeveloped model 
systems mentioned above, tiro given along with the numerical results in 
the following paragraphs. 

Tho biological offocte on plants and animals wore limited to estimates 
of tho number itillud by expoi/uro to external gamma radiation. 

All data woro oomputod on tho basis of stato and national summaries. 
Most are reported In termu of the national summaries; however, the more 
detailed Mt.nto wummarloo were retained for further analysis as needed. 

Time-spun limits of 29 and 0y days duration were selected for an 
ansumed conn taut consumption rate of water and food with u given radio- 
mie 11 «le concent ration, Tills arbitrary limitation urn# used mainly because 
the behavior patterns of tho rudlomielldo concentrations have not yet 
boon work0(1 out for long porlodn of time. Questions regarding the change 
in Die uoneyntr/UIona In tho wator supplied, us mentioned in the second 
auction of thin roport, are not ro/iolvod, The lifetime of many fresh 
lnods, for example, t h nhortor than 1 month and certainly no longer than 
3 months (oepecially without refrigeration). Other foods, such as canned 
gooda and frtilta, have an average iiliel f-lll’o of about 1 year. 


Thun the ho loo ion umo-upan llmitu for the dome computations are a 
(jlraot ref lout ion of the end point of the current model system development 
ftl this time. The ncourncy and reliability of the computations up to the 
cutoff points !!!■« auparuto gubjocte; although specification of the relia¬ 
bility of the »1,01)0 r Ion I rouufia tri beyond the scope of this study in a 
OLAtieiicul and wiubomnlfciil Dunne, ni tempt n wore made to use average 
values of all Input pnrnmntorH that vmr« dorlvod from experimental measure¬ 
ments or from other conn)<lonit lone In olinilnato, Insofar as possible, 
cons 1 e l on t hi noon in f lie cn li'ttlii llonn . 
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Water Contamination 


The concentrations of six radionuclides (Sr-89, Sr-90, Ru-106, 1-131, 
Cs-137, and Ba-140) in exposed water systems were computed for both assumed 
attacks. No damage restraint for destruction of the water sources by 
ground shock or air-blast overpressure was included in the calculation to 
verify the survival of the source(s). 

Table 32 gives, for the HM attack, the radionuclide concentrations 
in atoms per liter for five representative cities receiving different 
levels of fallout. Table 33 groups all of the water supplies of the 184 
communities into concentration ranges ior the six soluble radionuclides 
resulting from the HM attack and gives the percentage of the (preattack) 
population that would use these waters. The percentage of the population 
listed under zero atoms pel' liter is made up from communities that either 
did not receive significant fallout or hud adequate well water for emer¬ 
gency use. 

Table 34 gives, for the survivors In or near the five representative 
cities, the body and organ absorbed doses for the adult human, in reins, 
computed for the ingestion of their source water at the rate of 1 liter 
per day starting at 1 day and 7 days after attack. The water of the city 
of St, Louis had the highest radionuclide concentrations of all of the 
IPl .omrnunities considered. At that city, all six radionuclides had con¬ 
centrations ranging from 10 12 to 10 13 atoms per liter. For comparative 
purposes, the water for Philadelphia had nuclide concentrations between 
10 1 * and 10 12 atoms per liter, that of Baltimore had between l() 10 and 10 11 , 
that of Boston had between Kr and 10 10 , and that of Tulsa had between 
10 8 and 10 9 atoms per liter. The daily ingestion of 1 liter of the most 
contaminated water of all 181 communities in the study, from l to 91 days 
after attack, produced only a minimal total-body dose. The 1-131 thyroid 
dose, on the other hand, was calculated at 9,550 roms for this period of 
ingestion. For infants drinking 1 liter per day, the thyroid dose would 
be about 90,000 reins in SI days. If water was drunk nationwide during 
this period at the rate of 1 liter por day, no more than 5,6 percent of 
the population would have accumulated thyroid doses in excess of 1,530 rems. 
For the MC attack, no more than 2.5 percent of the population was calcu¬ 
lated to receive a 1,530-rom thyroid dose. 

Table 35 groups all of the water sources into concentration ranges 
for the six soluble radionuclides for the MC attack and gives the percent¬ 
age of the population reliant upon water with the given ranges of radio¬ 
nuclide concentration. 

Although the nationwide ingestion dosages have not been individuallv 
calculated for the 184 communities, the internal absorbed dosage to a 
given percentage of the population may be inferred for the two attacks 
by comparing the percentages listed for concentrations of radionuclides 
in Tables 33 and 35 with the concentrations shown in Table 32 and the 
calculated dosages listed in Table 34, Also, since the number of radio¬ 
nuclides did not vary radically from each other and usually are within 
an order of magnitude from each other for a particular water source. 
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CONCENTRATIONS OF SOLUBLE NUCLIDES IN EXPOSED WATER SOURCES 

FOR FI VIE REPRESENTATIVE CITIES AFTER THE HM ATTACK 

On IO 10 Zero—Time Atoms/Liter) 
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Tab 1m 33 


SOURCE WATER QUA M l'Y AFTER UM ATTACK 
IN SOLUBLE RADIONUCLIDE ATOMS PER I,ITER 
AVAILABLE TO PERCENTAGE OP U.S, PREATTACK POPULATION 11 
(Poreout of Population) 
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SOURCE WATER QUA MTV ATTKfc Me ATTACK 
IN 80MUUJ KAMlONUCLinK A TOM 8 PF.R I.Iilflt 
AVAJUUI.B TO PftftCKNTAOK OK U.H. PM. ATTACK POPUMTIOM'* 
( P@ re i>n i of Pop u 1 a i 1 on ) 


Coiieoniro 11on ((noso 


110(11 o- 
nucIJ 




(atofiia/111 o?) 



0 


10W 

lowin' 0 

1 n 11 - j o * ^ 

, i -J 
10 * 

Oft“140 

70, 0 

0.3 

A. 0 

(i. i 

i , n 

0,4 

M , ft 

Ci-137 

?n.O 

0. 8 

4. '1 

n.6 

1,0 

0, 4 

3, ft 

1-131 

70.0 

O.fl 

4.0 

7.3 

J. w 

0,4 

1* fc 

a i tJ 

Ru-100 

70.0 

6.7 

i>,0 

3.7 

3.3 

ft,» 

1,5 

Ur-00 

7n,o 

8.8 

4.8 

M. 

3,0 

0.4 

3. ft 

Hr~» 

70.0 

u.e 

4,8 

H,8 

1 . ft 

7,0 

1,0 


n AniiUjnJiiii t lu> oamo oonewni *<nt i..n ri i h nt rnr n,e p ( ,j • «.vi <ii„ib«i 

an for Uni 184 *«*l(o ind l onmaini t it>» 




mowiWMMH*"-.. 


L 


l 


average i ml indue i l<]p < one <?n trail one m«v be used for vwnpal'nt I v>> purposes • 
."able ;M* I imp, i nr tirtt it imnehs, Hie quality or water in niomp pel liter 
aval l able i., vnttifiiu |!f»rrnn*'>(/(!>) nt flit' pope I n t1 nil . AI an , fop reference, 
t in 1 tHiiHliDtpR equlvalent tiivr<r‘il doses, in rome, lor i-l.tl ingestion at 
I tiler of w«tor per day Ini* each roneenlrfltloo level were Included, 

The oiltie 11do linlrjynl nil ( i>rte In (lie water f 1 rnm *«|tie|) dondgsS in 
the adult human were (Jerivstli wore for untreated water, The partial ru" 
movn I nl them* rndl onuo 11 clue or Paduai ion of rail) omiu 11 <)<> eeoaoot ••<*( lorn* 
may ho oLiifl tiled through wnlor iretilfftenl. 

Water l rentinefit impel* imams involving various «out?Mint ion orul III - 
l ration lAOtiKKla have produapd roduallon fnaioyo bet wee*! 2 and iOO tor 
ilia various I'ftflionuol idoe. Tim lower reduction foe lore reported generally 
were for radiniorlinOi On Hit* oilier hand, reditu1ton faelnrn greater than 
I *doo have been uniformly reported for water deeonliuninaiion o 1 many 
radlnnuelIdea« eaeepi I»i3i# by common!y“UPed lori exchange methods, 

Anionjo resin Ion unoliiifmepa uro required to remove S — IyI and other 
anionic luti 1 I ties I row water. Although water from 1 alien, and eopeolally 
I rum streiune, usually Is prot'esastj prior to dlnlrlliution to the public, 
the nr no p«! generally does not include Ion exchange tof toning, Inn ex¬ 
change softening in pul* 11r aveteme Is extremely rare, ftoftenlng unilu 
do t»nlat in private maidenie* tii limited numbers throughout Hie oounlrv, 
nmtuty where the available water ta considered objectionably bard by 
individual users. 

The water i mil am inn l Ion eo.tdiilonn after both atliiohs are aum/imri zed 
ns lollowei 

I. A small percentage of t-- population would have wator contami¬ 
nated to relatively high leveln, 

A. The dr I nhtng of inis wator would not cuuoo olciu)os« nr death; 
Into somatb- ! effects oro unknown, end Morjoufl lute soma t il- 
effects would be improbubie, 

l Alter the IIM nU/irli, HO portent of the population would have 
water that iu nl loan! 100 iiinon cleaner than llmt disc us sod 
above. 

I. ! •' • !=ia<‘s>ioii ai Iiiese < i uniter Wit tore would produce mu y nog I I - 

,i. • * • a* ■!’iiiom. 

AMvi no M< uiiuek, i lion e e leaner waters would bo available 
; on in. Din 1,1 the popular inn. 

i, ri'M - if t'i' < i til wall** ( reii tiiien t, il i iim i i luted, would further 

i'f'ilui i r,M‘;oiur I I i* o'i i tit fit 1 .one In water. 


to, 





Table 36 

AVERAGE RADIONUCLIDE CONCENTRATION IN WATER 
AVAILABLE TO TI«E CUMULATIVE PERCENTAGE OF THE POPULATION 


Average 

Maximum 



Radionuclide 

Thyroid 



Concentralions 

Dose* 

Percent of 

Population 

Cwtowg/litor) 

(ferns) 

1IM Attack 

MC Attack 

< >o 7 

0 

50 

70 
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0.153 
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76.5 
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81.8 
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89. 2 

10 11 
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80. 2 

91.6 

IQ 12 

1,530 

94.7 

97.9 

io 13 

15 ,30Q b 

100 

100 
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Ex ter 


Contamination of (Crop) Plants 


Foliar contamination of food crops (growing at the time of the attack) 
by local fallout was calculated for both attacks under existing shelter 
and good shelter conditions for the farmer. The results of the computed 
national summaries are presented in Tables 37 and 38. A cumulative plot 
of crop production as a function of increasing level of contamination 
was used to obtain a maximum contamination-level value (atoms/gm) that 
50 percent of the total (harvested) crop would not exceed. A similar 
maximum concent ration-level value was obtained for 90 percent of the 
c rop. 

Good shelters would limit the early-time radiation dose to farmers, 
thus allowing them to harvest crops without receiving an exposure dose 
in excess of 200 roentgens ERD(max). Therefore, the contamination levels 
of the harvested foods are somewhat higher for the good shelter case 
because more of the crops are harvested at the higher fallout levels. 

These more highly contaminated crops, if unneeded, could be left unhar¬ 
vested to reduce the exposure dose to farmers; crops would not be left 
unharvested because of their contamination level. In other words, the 
food requirements for the survivors and the shelter available to the 
fanner must be considered in setting the planned exposure-dose criteria 
to farmers for harvesting as well as for planting the next crop. The 
allocation of up to 200 roentgens ERD(max) in all limiting cases assumes 
that the food crops would be urgently needed. The proposed U.S. Depart¬ 
ment of Agriculture program to quarantine land on the basis of Sr-90 
contamination fails to recognize the general basic assessment principles 
for considering all factors that are critically related to national sur¬ 
vival after a nuclear attack. 

The leafy vegetables showed the highest levels of contamination; the 
grains and root crops gave the lowest concentrations. The significance 
oi the foliar contamination of food crops is discussed later in this 
section, where the consumption of the food in a normal diet is considered 
and the absorbed dose for several body organs of humans is estimated. 

The data summaries of Tables 37 and 38 indicate that the fraction of 
the crop acres that could be harvested after all of the assumed attacks 
is generally in excess of 50 percent. The exceptions are cabbage, sor¬ 
ghum, dry bean, tomato, snap bean, carrot, and lettuce; most of these 
crops, with the smallest fraction harvested, are fresh vegetables. 

The initial crop contamination levels are generally higher for the 
good shelter case; for the HM attack, the median (50 percent) crop con¬ 
centrations for the good shelter recovery base are as much as 45 times 
those for the existing shelter recovery base (see potato). The exception 
to this trend is cabbage. Similar comparisons between the two attacks 
for the median crop concentrations give ratios, for HM recoveries to HC 
recoveries, as high as 1,000 for the 10-PF shelter case and as high as 
9,000 for the 1,000-PF shelter case (except cabbage, for which the ratios 
were higher). These ratios, for most crops, are much larger than the 
ratios in tlie total yields of the two attacks. 
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TabJe 37 (easelweed) 
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Table 38 
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Internal Contamination of (Crop) Plant s 


The internal contamination of plants was calculated for the first 
planting of all crops after the attack. Since the assumed utlack date 
was June 1, many of the crops planted after June 1, where possible, were 
susceptible to internal contamination by both local and worldwide (all- 
out up to the time of planting and to foliar contamination by worldwide 
fallout during the month of harvest. 


The worldwide fallout component for the contamination included that 
from the postulated attack on the Uni tori Stnles and an assumed counter- 
attack on a typicul enemy. The nature of Lite counterattack, which was 
programmed according to the worldwide fallout model described (n the 
second section of this report, is given in Table 39. In the counter— 
attack, a 50 percent fission yield was assumed for all weapons. 


The crop contamination data for the first crop grown after attack, 
based on the national summary of the planted (and harvested) acres, the 
fractional crop yields, and the maximum nuclide contamination levels 
at 50 and 90 percent of the harvested crop for the MM attack, are sum¬ 
marized in Tables 40 and 41 for existing and good shelter casps, respect¬ 
ively. The data summaries were computed in the same way as those for 
the foliar contamination. The fraction of the acres planted refers to 
the first crop of each kind to be planted after attack, based on the 
exposure dose criteria and shelter living routines given in the second 
section of this report. The crop planting and harvest recovery for the 
existing shelter case do not include the assumntion that other people 
from lower contaminated areas would come in aaj use the land. Such an 
assumption, however, is implied for the good shelter case where evacuation 
and area reentry were involved. With the good shelter, essentially all 


dl Lt i ». lie* Cltu U I. U»c K . UOWOVt* I* , 


with existing shelter (as defined), the fraction oi accessible land drops 
as low as 50 percent for some crops. Improved estimates of the first 
and other postattack crop contamination levels and production availabili¬ 
ties would require a more detailed account of the fate of the manpower 
by local area. 


The lower limits of the crop contamination Tor consideration may bo 
made with reference to current contain i uni ion levels of Sr-90 in food 
from worldwide fallout; the latter generally are In the range of 10 G to 
10 7 atoms/gm of foodstuff. 92 Since the current levels would be additive 
to those from any attack, new contributions of Sr-90 giving less than 
10 6 atoms/gm of foodstuff are not considered for Sr-90 and all other 
radionuclides. 


The root uptake process causes largo changes in the relative abundance 
of the different fission-product nuclides in l lie various food crops. 

Thus, while the calculated concentration of Si— 89 and Si—9t< is higher 
in many of the crops from the first planting alter attack than it is for 
the crop standing ai the I one of attack, the concentration ol other 
elements is much lower. The higher concentrations oi 3r-M9 (or the 
first pos tail nek crop, relative to the foliar eoiit ,uvT mi t i oil oi t he 
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Table 39 


COUNTERATTACK: 

WEAPON YIELD, ALTITUDE. AND WEAPON NUMBER DISTRIBUTION 


Durst 


Latitude 

1 MT 


5 MT 


20 MT 


<°N) 

Surface 

Air 

Surf ace 

Air 

Surface 

Air 

3 5—10 

** 

7 

1 


6 

_ 

40-45 

- 

26 

9 

1 

58 

2 

45-50 

2 

-11 

17 

2 

80 

3 

50-55 

•1 

59 

26 

3 

130 

8 

55-00 

9 

50 

35 

•1 

130 

1 

60-65 

- 

13 

3 

- 

17 

- 

65-70 

- 

8 

1 

- 

18 

- 

70-75 

— 

“ 

** 


2 


Total 

15 

204 

92 

10 

441 

14 


Total weapons: 776 
Total yield: 9.829 MT 

Fission yield ftt 0.5 fission/total = 4,914 MT 


Time of counterattack = time of attack on United States 

Fission yields of selected nuclides, atoms/flesion, 
used in all worldwide fullout computations: 


Sr-89 

0.0281 

Sr-90 

0 .0309 

7 r-95 

0.0552 

Hu-106 

0.0452 

1-131 

0.0310 

Cs-137 

0.0600 

Ba-140 

0.0551 

Co-1 14 

0. 0-136 


i ;> 




maximum nuclide contamination levels of 

CROPS GROWN AFTER THE HM ATTACK: 
EXISTING SHELTER 


































MAXIMUM NUCLIDE CONTAMINATION LEVELS OF 
CHOPS GROWN AFTER THE HM ATTACK: 
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standing crop, occur especial tv m Sorghum. dry bean. ieUnce, anti orange. 
Because of both the fractionation among the radionuclides in the Tirst 
crops grown after attack and the relative decay rates over time, no 
direct comparison can be made, with respect to the relative severity ol 
contamination levels between the crops standing at the lime of attack 
and the first crop planted after attack, simply on the basis of the 
relative concentration of the nuclides in tile two crops. 


Internal Contamination of Animals and Fowl 


The estimates of the internal contamination of animal-fierived foods 
(meat. milk, and eggs) for luciian consumption require prior specification 
of animal diets. The assumed diets for dairy cattle, beef cattle, sheep, 
swine, and poultry are given In Table -12 for ingestions starting at 1. 

1*1, 183, 365, and 548 days after attack. The first three times are 
associated with the ingestion of foods with foliar contamination from 
crops growing at the time of attack and of water contamination from 
local fallout. The last two times are associated with consumption of 
foods from the first crop planted after attack that are contaminated 
through root uptake (including contribution from both local and world¬ 
wide fallout contamination of agricultural land) and through foliar con¬ 
tamination from worldwide fallout that is deposited during the month 
of harvest. 


The computed zero-time concentrations for meat, milk, and eggs, from 
animals and chickens that consume foods with nuclide concentrations not 
exceeding those for 50 and 90 percent of the available food, are given 
in Table 43. The concentrations wore computed using the food consumption 
rates given in Table 42, the 50 and 90 percent levels of contamination 
for the various animal foods, and the values given in Table 43, 

The U° values were calculated by summing the products of the consumption 
rates and nuclide concentrations for the various foods in the assumed 
diets, 


The nuclide concentrations in milk from cows grazed in contaminated 
pastures were calculated separately from curves relating 0^ to versus 
time for several ages at attack and the pasture contamination levels as 
summarized in Table 41. The pasture concentrations are based on the 
initial foliar contamination for a given milk production rate for the 
number of cows that survive after the attacks. In all known cases, the 
limitation on milk production was due to the loss of the dairy herd 
rather than to the exposure dose limitations for the dairymen; however, 
no exposure routine different from other farm operations was developed 
for dairymen. In future evaluations such as this, special routines 
should be developed to reflect more accurately the range of animal 
husbandry practices that could be followed under various attack situations. 




Table 12 


ANIMAL DIET VERSUS TIME OE INGESTION 
(Intake In Grams per Day, Dry Weight Llasis) 


t 

o 




1 day 

14 days 

183 days 

365 days 

548 day 

Dairy Cattle 

Pasturage 


7,000 

7.000 

7,000 

7,000 

7.000 

Hay 


„a 

- 

1,000 

1.000 

1,000 

Grain 


- 

- 

1.000 

1 ,000 

1,000 

Water 


~ 


- 


* 

Deef Cattle 

Pasturage 


800 

800 

800 

800 

800 

Corn 


- 

- 

800 

800 

800 

Clover (Hay) 


- 

- 

6 .400 

6.400 

6.400 

Water 


25,000 

25,000 

25,000 

— 

“ 

Sheep 

Corn 


- 

- 

200 

200 

200 

Oat 


- 

- 

20L 

200 

200 

Sorghum 


- 

- 

200 

200 

200 

Pasturage 


200 

200 

200 

200 

200 

Clover (Hay) 


- 

- 

1,200 

1,200 

1 . 200 

Water 


4,000 

4,000 

4.000 

- 

- 

Swine 

Corn 


- 

- 

1,600 

1,600 

1,600 

Sorghum 


- 

- 

1,600 

1,600 

1,600 

Soybean meal 


- 

- 

- 

400 

400 

Alfalfa meal 

(Hay) 

- 

- 

- 

400 

400 

Water 


- 

- 

* 

- 


Poultry 

Corn 


- 

- 

36.8 

36.8 

36. 

Wheat (Grain) 


- 

- 

36,8 

36, 8 

36. 

Soybean oil 


- 

- 

- 

9. 2 

9, 

Alfalfa meal 

(Hay) 

- 



9.2 

9 

Water 


- 

- 

- 

- 

- 


a Dash indicates that uncon Laminated (stored) food or clean well water 
was available 
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Table 43 





I ill I,- I ! 


PERCENTAGE OF SURVIVING MILK PRODUCTION 
FROM PASTURE CONTAM1NATEL* TO LESS THAN THE INDICATE o LEVELS'* 


Initial Pasture 

Contamination Nuc l irli- 


(atoms/gin) 

Sr ~89 

Sr-90 

Ru-106 

1-13 1 

Cs-l37 

U.i -1 in 




HM At 

t uk 




5 v 

!0 8 

29. 8 

27.5 

32.4 

27. 

27.4 


1 X 

in 9 

33.4 

31,5 

36.4 

31.7 

31.0 

30, 9 

r< - 

io 9 

45.1 

11.1 

50. 0 

11.7 

40. 5 

40. 5 

1 V 

io 10 

52. t 

48.0 

58.7 

48.5 

17.2 

47.4 

5 * 

IO 10 

75. 0 

70. 1 

84. 6 

70. 9 

67.6 

68. 1 

I X 

to 11 

87.8 

82.7 

94. 7 

83.2 

80. 2 

80.0 

5 • 

io 11 

98.8 

98.3 

99. 1 

98. 3 

97. 1 

98. 1 

1 x 

io 12 

99.2 

99.0 

99. 8 

99.0 

98.9 

99.0 

5 x 

io 12 

100.0 

100.0 

100.0 

100.0 

100. 0 

100.0 




MC Attack 




5 x 

io 8 

62.4 

59.5 

64.8 

59.6 

59. 9 

59.1 

1 N 

io 9 

66.6 

64.2 

68. 6 

64.5 

64. 1 

63.6 

5 x 

io 9 

77. 5 

75.6 

82. 1 

76.1 

75.0 

75.0 

1 ■ 

IO 10 

83.5 

80.7 

87.6 

81.2 

79.3 

79.8 

5 v 

IO 10 

95, 2 

93.6 

97.6 

93.7 

92.5 

93.1 

1 x 

io 11 

90. 1 

97.0 

99.3 

97.3 

96.3 

96.5 

5 • 

.o 11 

99.7 

99.6 

99.8 

99.7 

99.6 

99.6 

1 ‘ 

io 12 

99.9 

99.8 

99.9 

99.8 

99.7 

99.7 

5 x 

io 12 

100.0 

99.9 

100.0 

99.9 

99.9 

99.9 

1 > 

io 13 

100.0 

1 00.0 

100.0 

100.0 

100.0 

100.0 

a Uased on the 

lumber of 

dairy cows that 

survive: 

data apply only 


to vast".™ contamination by local fallout 
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i'io|> damage a Pel lose duo to externa! i ":m.i r;u= i a ! I ..r, ' r. lullo'jl i 

picsi'ii t iii Tables 15 and =l(i for f lie IlM mid MC mtacks. lespivt ivrli-. 

Tii* i n f 1 lienees ol existing shelter (l-’l-' 111) ami good phrlin 1 H'! l.i'on) 

f<>r flu- lamer have been ea le n I a t e;l lor ea.lt ease. 

in these tables, acres assessed are the total acres norma 11\ devoted 
animal lv I o (lie speciI n - en»p. In most cases, tins lolal is equal lo 
the total U.3. acreage lor the crop, but in some eases, ol which cabbage 
is I be worst, acre-count mg criteria in the original data compilation 
led to a total assessment of out, l>5 percent of t tie actual crop. The 
planted column is the percentage (of the acres assessed) ill I tu' ground 
at the time of the attack. 

Acres designated as destroyed are those lor which the crop was killed 
by the external gamma radiation from fallout. ft >ps killed are counted 
as unusable, although this may not always be true. Harvest able acres 
Include (hose acres that were planted, not destroyer;, and that muv be 
harvested at ihe scheduled normal time without exceeding an exposure 
dose of 200 roentgen KK!>(max). IManlable next-crop acres are those 
acres rot excluded because of radiation levels and worker doses (in the 
case of trees, the percentage of Liio assessed number surviving). It 
was assumed that 1 week each was required for plnnting and harvesting. 

The degree of : hcit'Oi* protection available, which in Lius study was 
taken as PI-’ - 10 or 1,000, affects the remaining dose allowable for 
these activities; hence, the better the PF. the larger the number of 
harvestable acres. 

From Table 15. It can be seen that the crop on approximately 20 per¬ 
cent of the acreage is killed outright, with the potato crop suffering 
the greatest loss (27 percent). With existing shelter, about 50 percent 
ol all crops are harvestable, increasing to the 70 to 90 percent level 
with good shelter. The harvested crops are contaminated so that final 
usabilits depends on the availability of food in general and, for stocks 
in excess oT needs, on the human internal dose levels acceptable from 
each lood source. 

As for the next crop, it is notable that with existing shelter only 
about 50 percent of the acreage Is plantahle, whereas with good shelter 
this value increases dramatically to virtually 100 percent. 

For the IlM attack and existing shelter, it appears reasonable to 
conclude that . with only about 50 percent of the crops recoverable, con¬ 
sideration regarding its harvest relative to the need of the crop might 
be made ill terms of both the consumption ol fuels (not considered hero) 
and lowered (or more restrictive) close ciiteria. The latter would imply 
a lower degree ol urgency m recovering the crop. Likewise, the desira- 
biIi 1 ol planting the next season’s grain crop would probably be governed 
largely by similar considerations. This problem, however, is closely 
related to olher postattack problems that are sensitive to the lime scale 
ol repairing the whole economy and building up capital goods. Jt mav 
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hv lUt: 

1 pi'l i 
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V ! IIwork 
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f ot iu s r 

roc overv 
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For (he HjM attack anil good shelters lor till Hie fa-mers. r.osl of 
the crops standing during the attack are harvest able; lienee, if external 
Karur.a dost* to worker;; is the only Him!! tug factor, the nest e rep i 
•il most lOO percent plan table. 

For the MC attack, all damage Is ain v Ideiahlv lower. The worst 
direct kills are on wheat at a percent and sugar hot t s at 9 percent, 
kxlsting shelter results in Hie same acres harveslah le as good shelter 
did with the HM nUaek--nainel y. 70 to 90 percent. With good shelter, 
ihirs acreage morons©*, to virtually 100 percent ol the planted acreage. 
Plan tab111 tv of the next crop is about HO percent with existing shelter, 
honco. It Is nlso virtually 100 percent with good shelter. It would, 
therefore, appear lluii the MC attack would cause no significant damage 
to agriculture even under existing shelter conditions. .Sumo general 
direct comparisons between the two attacks and the two assumed shelter 
conditions are given, by crop, tn Tables 47 and 4ti for crop recovery and 
capability for planting the first postoitaek crop. 

It was beyond the scope of the current computat tonal program to 
appl y mans of the above tests in any manner except on a go -* no go 
basis; that Is. no variations were possible on planting or harvesting 
dates or on (he possible usability of destroyed crops. Additional fac¬ 
tors of potential importance not included were reduction ol yields duo 
to radiation damage and effects of the interruption of car© normaMv 
required, such ns spraying, irrigation, and cultivation. Also, us prev¬ 
iously mentioned, the effects of beta radiation were not considered. 

The effects ol the two assumed attacks on the coniferous and decid¬ 
uous forest lands are shown in Figures (i and 7. These maps show ihui 
although some areas almost as large as the state of Tennessee mav be 
severely damaged to a degree that rapid natural recovery would not be 
expected. loss than 10 percent uf the total U.S. forest area Is allooted 
*• i f ov thr 5 % m f tocks *i linos t 90 porct'nt oi tiit? woiitci 

be expected to have recovered to proattack condition within 2 years, 
and most, of this forest land would not. be visibly affected. 

However, as with agricultural crops, which can survive higher aeciunu 
luted doses t han etui humans, Uie resumption of normal human-forest rela¬ 
tionships over extensive areas will be governed by I he tolerance of 
people to existing dose rates. 

The results of (be computation* of the farm animals and poultry that 
survive the two assumed attacks are summarized In Table -19 by stale, 
civil defense region, and nation. The tabulations show that from -15 to 
H 3 percent of the nation's livestock would survive the two postulated 
nuclear attacks. For the HM attack, the state totals ranged from no 
survivals in Delaware to 100 percent survival in Oregon. 
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1 
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2 
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23 
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24 

3 
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22 


ft 
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Carrot 


16 


1 

15 

0 

1 JO t1 uc 0 


A3 


1 

41 

n 

Apple 


■17 
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3H 

0 

Poach 


56 


II 

3H 

() 

OranRe 


72 


0 

72 

0 
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FARM ANIMALS AND POULTRY SURVIVING NUCLEAR ATTACK 
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Surviving livestock will require cure and feeding, even during the 
first 7 days after the nuclear attack, when the dose that determines 
their eventual survival or death is being accumulated. Since the Ll) r)f) '30 
for animals is of the same order of magnitude as that for humans, who 
must care for them, all livestock that will eventually survive, as well 
as some that may die in 30 days, could be taken cure of if the farmer 
has adequate shelter I or himself. This assumes that the exposure dose 
to the human is maintained within required Kill) levels (discussed else¬ 
where) by his remaining in shelter, with limited dally work periods 
(2 hours twice a day) in radiation fields to perform the necessary 
chores. 

The lethal dose to pasture land (7,000 roentgens) is so much larger 
than the lethal dose to animals (~ 600 roentgens) that surviving animals 
would be able to graze in the normal preattack manner. 

A summary of the estimated available postattack agricultural, crop, 
animal, and poultry production per capita for the 1IM and MC attacks, 
for existing and good shelters, is given in Tuble 50. The per capita 
production was computed from the ratio of the agricultural products 
available after attack (including the harvest of the crops planted at 
the time of attack) to the survivors, divided by the ratio of the cur¬ 
rent agricultural products available to the population. The existing 
shelter for both the farmer and the urban population has been defined 
previously. The term "good shelter" is defined as 100 psi blast shelters 
for urban areas and fallout shelters with PF values of 1,000 for the 
fanners, 

The values of the per capita production potential in excess of 100 
percent, for the existing shelter cases, are indications of the general 
difference in the relative survival rates of the fanners to those of 
the urban population for the assumed attacks. The relative survival 
rate for the farmer over the urban population is actually greater than 
any of the indicated ratios, because the crop availability was associated 
with a 200 roentgen ERD exposure. The lowest values of the per capita 
production potential are for the exposed animals; for these, the poten¬ 
tial is reduced to about 50 percent lor the good shelter condition for 
the HM attack. 


Absorbed Dose in Humans 


In order to be able to use the equations and procedures presented 
In the second section of this report, it is necessary to specify the 
human daily intake rate, U”. for each nuclide, i, that is under consid¬ 
eration. For this, it is, in turn, necessary to know the composition of 
the human diet in terms of the daily intake rate, V^, of each food, f, 
and also the concentrations, C^f, of each of the nuclides for which 
absorbed dose estimates were available in each of these foods. Then 
the following equation can be used: 
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Tub 1e 50 

POSTATTACK PRODUCTION POTENT1Ah PER CAPITA 
(Values in Percent oi Normal) 


11M Attack MC Attack 



Existing 

Good 

Existing 

Good 

Crop 

Shelter 

Slid ter 

Slid ter 

Shelter 

Corn 

92 

92 

92 

97 

Sorghum 

140 

95 

93 

100 

Wheat 

88 

84 

80 

92 

Oat 

102 

99 

92 

99 

Barley 

88 

88 

72 

95 

Bean, dry field 

112 

102 

112 

101 

Soybean 

130 

98 

101 

9 f 

A1 J'alfa 

99 

101 

94 

100 

Hay 

98 

100 

93 

100 

Potato 

99 

76 

86 

82 

Green pea 

146 

104 

114 

101 

Sugar beet 

106 

87 

90 

92 

Tomato 

131 

85 

109 

98 

Sweet corn 

127 

102 

108 

100 

Snap bean 

159 

101 

114 

101 

Cabbage 

164 

104 

114 

101 

Onion 

144 

97 

108 

98 

Carrot 

171 

104 

105 

101 

Let tuce 

171 

102 

114 

101 

Apple 

117 

93 

106 

97 

Peach 

112 

84 

111 

99 

Orange 

126 

88 

114 

101 

Bull, steer, and calf 

85 

51 

83 

74 

Milk cow 

94 

56 

93 

83 

Swi ne 

78 

47 

85 

76 

Sheep 

106 

66 

91 

81 

Chicken 

101 

60 

94 

84 


1 32 




(65) 


. V 


VC f 
L. j. f if 


The composition of tliu adult luunan diet used in the dose calculations 
is shown in lable 51. This diet has been obtained front the data in the 
second section of this 1 ‘eporL, which lists the normal diet for 1955. 

The original data are modified to Include the fact that much of the diet 
during the first few weeks or even months after attack would he obtained 
1 rom preexisting uncontaminated food sources and hence would not contri¬ 
bute to the sum of Equation 65. Except for minor details and substitu¬ 
tions, the diet of Table 51 is not very different from the U.S. Department 
of Agriculture emergency diet. S " 1 

In the present calculations, with the attack in June, only the local 
fallout foliar contamination was used for the food ingested within the 
first 9 months of the time of attack. All ingestion times of over 1 year 
after attack, on the other band, were treated by using a combination of 
uptake routes: (1) by food crops whose edible aboveground parts are 
contaminated through root uptake of nuclides from both local and world¬ 
wide fallout during the month of harvest; (2) by food crops whose edible 
parts are contaminated through root uptake of nuclides from both local 
and worldwide fallout deposited up to planting time; and (3) by animal- 
derived foods from animal ingestions from the first two sources. The 
crop sources for the longer ingestion times are those from the Tlrst 
crop planted after attack. This treatment parallels that for the inter¬ 
nal contamination of the animal-derived foods discussed above. 

To illustrate the magnitude of the absorbed doses to humans from 
consumption of the contaminated food sources, the C if values for Equation 65 
were selected from the national summaries of the contamination of all 
food crops (and water) using the previously discussed concentrations that 
do not exceed 50 and 90 percent of the available crop food of each kind. 
While this procedure in no way connects the food source with a given sur¬ 
viving consumer in a given locality, it assumes some distribution of the 
foods so that, over the whole population, n large inaction could receive 
the absorbed doses represented by the computed median dose and that prob¬ 
ably less than 10 percent of the population would receive the absorbed 
dose represented by the computed 90 percentile dose. 

After the intake rates U^’, had been calculated for each ot the nu¬ 
clides in each of the postulated .situations, the absorbed dose model was 
utilized in the form shown in the second section o r this report. For foods 
whose initial origin was pasturage (i.e., beef, mutton, and milk) a modified 
model (see Reference 38) was used in the local fallout situations in order 
to avoid overestimates of dose. For all other foods, however, the unmod¬ 
ified absorbed dose model is sufficient, because loss of contamination is 
taken into account in tile iac'ors shown in Table 28. The body organs 
chosen as being critical are the total body, the lower large intestine, 
the bone, and the thyroid. In each case, only those of the six nuclides 
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Table 51 


HUMAN DIET VERSUS TIME OF INGESTION 
(Grams per Day) 


t 

o 



1 day 

14 days 

183 rlnvs 

365 days 

548 days 

Milk products 

r* 

03J 

V/ U V-' 

o jj 

633 

Meat, poultry, 
and fish 

Beef 

- 


81 

81 

81 

Por k 

- 

- 

7 4 

7 4 

7 4 

Mutton 

- 

- 

6 

6 

6 

Poultry 

- 

- 

46 

46 

-16 

Egg 



55 

55 

55 

Flour and 
cereals (wheat) 

- 

- 

_i\ 

222 

222 

Vegetables 

Tomato 



13(2> b 

43(2) b 

43(2 ) b 

Swaot corn 

- 

- 

42(10) 

4200) 

■1200) 

Bean 

- 

- 

34(27) 

34(27) 

34(27) 

lettuce 

- 

- 

23(0.9) 

23(0.9) 

23(0.9 

Cabbage 

- 

- 

19(1.2) 

190.2) 

190.2 

Pea 

* 

- 

15(3.4) 

15(3.4) 

15(3. 1 

Onion 

- 

- 

15(1.7) 

15(1.7) 

15(1.7 

Carrot 

- 

- 

13(1.3) 

130.3) 

13(1.3 

Oi Is 

Soybean 

- 

- 

- 

52 

52 

Others 

- 


- 

8 

8 

Sugar 

Sugarbeet 

- 

- 


81 

81 

Fruits 

Orange 

- 

- 

64(8) 

64(8) 

64(8) 

Apple 

- 

- 

29(4) 

29(4) 

29(1) 

Peach 

- 

- 

14(1) 

14(1) 

14(1) 

Potato 

- 

- 

117(27) 

117(27) 

117(27) 

Water 

1,000 

1,000 

1,000 

1.000 

1.000 


a Dash indicates uneonlaminated food sources 
b Values in parentheses indicate dry weight 
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thut wero expected to give large eoiiirttiuilniiN Ln the adsorbed dose to 
tlie or gun were included in the computation. Aitov thu dose contributed 
by each nuclido was computed, the total absorbed dose was estimated by 
summing the individual nuclide contributions. The major factors con¬ 
sidered in the calculation included; (1) the time at which ingestion ot 
a contaminated food begins; (2) the period of ingestion of that tuml. 
and (3) the percentile contamination-level of the diet (i.e.. the nuclide 
concentration ot the food items in the diet, including water). 

To facilitate the absorbed dose calculations, a table of absorbed 
uoue multipliers, in »ema per atoms ingested per day, was pre¬ 

pared for each radionuclide and body organ ot interest and lor each 
selected ingestion starting time and ingestion period. The computed 
values of the multipliers for the sevoral nuclides are given in Table 52. 
The absorbed dose calculations for the selected organs and radionuclides 
are summarized in Table 53 for existing shelter and in Table 54 lor good 
shelter, both for the 1IM attack. 

At both the 50 and 90 percentile contamination levels of the food 
items ln the diet, the calculated absorbed doses for the good shelter 
case arc from 2 to 1.0 times larger than those for tho existing shelter, 
reflecting the relative capability to harvest and plant crops in areas 
of heavy fallout. The absorbed doses for the ingestions starting at 
1 day are only from water sources; those starting at 14 days are from 
botli water and milk consumption, The largest doses from these sources 
are from 1-131 for the thyroid gland. The calculated absorbod doses in 
all organs from the crops planted after the attack are less than those 
received from consumption of the standing crops directly contaminated 
during the attack. 

The calculated doses for the lower large intestine are probably 
underestimates of tho doso for that organ, especially for the 14 and 1B3 
ingestion starting times, because the contributions of many insoluble- 
type radionuclides are not included. Likely food sources for the con¬ 
tribution of these elements would be green vegetables, such as lettuce. 

As previously mentioned, no detailed procedures were available for 
estimating a reasonable mixturo ol' contaminated foods for any group ol 
people at any given time after attack. Therefore estimates of the ab¬ 
sorbed dose for a continuous long-term pattern of food ingestion were 
not attempted in this study: suitable methods for estimating the time- 
delays for processing and distribution of the various food items in the 
postattack period could not be developed within the time period ol the 
s tudy, 

Tho relationships among tho total absorbed dose, the time over which 
it is received, and the biological effect produced (especially ir the 
external dose is also considered' are not well understood. However, it 
is safe to say that the computed doses for the median contamination 
levels of food (or both shelter cases and the HM attack would produce no 
noticeable biological effects on adult humans. Also, it is unlikely 
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period of ingestion, in days: t * time of start of ingestion, in da>s after detonation 




Table 52 (continued) 
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Table 52 (concluded.) 
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AB-iORDEP DOSE 1 TO ADULT HUMANS 
MOM FOOD COST AM I NATE I > liV IHE HM ATTACK: EM ST I NO Ml) III U 


t -I 

o 


(da . s ) 


29 

90 


29 

90 


29 

90 


29 

90 


29 

90 


29 

90 


29 

90 


29 

90 


t 

i i 


<0 



At iiu ximum concent ra‘ ton IpvpIs 
i r t >. . . * I Ikliji r i it ii |-» 


Ih'wit lniost Inr 

ll.oOH 0.052 0.029 

O.UH9 0.15 0.08-1 

Total Doily 

0.055 0.029 0.001 

0.070 0.20 0.015 

Hone 

0.07-1 0.03-1 0.010 

0.20 0.28 0.070 

Thy ro t d 

4*1 

5-1 

At maximum concentration level 
for 0.9 of available foods 


Lower Large Intestine 


6.3 5.2 3.2 

11.7 9.9 9.3 

Total Body 

0.37 0.6-1 0.29 

0,81 1.5 2.3 

lion” 

1.7 2.1 0.70 

0.9 H.l 5.1 

Thyroid 

-150 770 

010 950 


0 . 25 
0.70 


0.02-1 

0.13 


0.12 

0.88 


5 18 


0.021 
0.06 l 


0 . 001 
0.012 


0.007 

0.062 


0. 17 
0. 50 


O. 020 
0. 18 

0. 089 
O. 72 


a In rein 
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Tabic 54 


ABSORBED DOSE a TO ADULT HUMANS 
FROM FOOD CONTAMINATED BY THE HM ATTACK: GOOD SHELTER 


t-1 


c o 



o 


(days) 



(days) 

1 

14 183 

365 

548 


At maximum concentration levels 
for 0.5 of available foods 

Lower Large Intestine 


29 

- 

0.68 

0.22 

0.078 

0. 057 

90 

- 

0.89 

0.66 

0.22 

0. 17 



Total Body 



29 

~ 

0.35 

0. 22 

0.007 

0,006 

90 

- 

0.76 

1.8 

0.055 

o 

© 



Bone 




29 

- 

0.74 

0.29 

0.039 

0.031 

90 

- 

2.0 

2.5 

0.30 

0. 25 



Thyroid 




29 

- 

440 

- 

- 

- 

90 

- 

540 

- 

- 

- 


At maximum concentration 

level 



for 

0.3 of available foods 



Lower Large Intest ne 



29 

6.3 

13.7 

10 

0.88 

0.66 

90 

11.7 

21.0 

30 

2.6 

2.0 



Total Body 



29 

0.37 

5.1 

2. 7 

0.069 

0.061 

90 

0.81 

11.0 

22,0 

0.57 

0. 52 



Bone 




29 

1.7 

11 

4.2 

0.50 

0.41 

90 

6.9 

33 

34.0 

3.9 

3. 3 



Thyroid 




29 

450 

6,400 

- 

- 

- 

90 

G10 

7,700 

- 

- 

- 


a In rem 
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that any serious effects would result from the indicated doses at the 
90 percent level. Although the calculations do not extend for long- 
period ingestions, the 90-day period is sufficiently long for achieving 
the infinity dose from 1-131 to the thyroid (mainly from consumption of 
water and milk). On the other hand, the calculations cover too short a 
time period to assess longer-term effects from continued ingestion of 
Sr-90 and Cs-137. 

The absorbed doses from 1-131 to thyroids of young children at the 
90 percent level for the existing shelter case, assuming about half the 
average ingestion rate of adults, would be from 3,000 to 5,000 rems for 
ingestions starting between 1 and 14 days after attack. For the good 
shelter case, the higher thyroid dose would be about 40,000 rems; this 
dose would be expected to be sufficient to result in serious early 
effects in the glands of infants. While the exact circumstances under 
which the doses for the 90 percentile contamination level could occur 
are not developed in the current model, the indicated doses must still 
be considered as possible, with a low occurrence frequency. At least 
for growing children, it would appear that some minor late effects from 
the absorbed dose in the thyroid, and possibly in the bone, would be 
evidenced at the 90 percent contamination level. 

During this study, the described radiobiological model was developed 
and utilized for making the above summarized estimates for the first 
time. Both the development and the utilization of the model during the 
study provided useful guides in focusing attention on specific aspects 
of biological processes and on the many interrelations that require 
attention in order for a quantity such as the absorbed dose to a single 
human thyroid after a nuclear war to be estimated. Some of the major 
factors that could not be evaluated with present methods include: (1) the 
time or times at which ingestion of contaminated foods could start for a 
given group of people as a function of the postattack environment or 
location of the group and as a function of the damage (and recovery) of 
the processing industries and transportation systems; (2) the range of 
time periods over which the contaminated foods would be ingested; and 
(3) the range of nuclide concentrations in the various food items that 
could be consumed by any local group of people. 
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SUMMARY OF BIOLOGICAL AND ECOLOGICAL EFFECTS 


General 

The analysis and evaluation of the effects of nuclear war oil biologi¬ 
cal species and oh their ecological systems depend on the availability 
and organization of a great variety of data, background information, and 
related concepts. These range from input information on weapon explosion 
phenomena and the initial interaction of these phenomena with biological 
species, to information about the community behavior, the reproductive 
habits and cycles, and the recovery mechanisms of ecosystems. 


Fallout Deposition Models 

No fallout model exists that will reliably predict ail radiological 
hazards at a given geographical location, not to mention the combined 
exposure doses from beta and gamma radiation on plants, animals, insects, 
and humans. For example, of the several fallout models considered, the 
total area within the 100 r/hr at 1 hr contour varies by as much as a 
factor of 4. The simple fallout pattern scaling system developed by 
Miller 2 was used in this study because it was derived directly from 
selective analyses of evaluated weapons test data and because the output 
information from the model is applicable to evaluations of both the 
external ganuna hazard and the internal hazard from radionuclide ingestion. 

Some of the major unresolved problems include (1) definition of the 
fallout format ion process (including fractionation and solubility), 

(2) radiological and physical properties of fallout from detonations on 
likely target environments, (3) meteorological prediction techniques, 

(4) foliar and plant-part contamination variables, (5) effect of local 
environments on deposition patterns and radiation fields, (6) beta radi¬ 
ation levels in selected contamination environments, and (7) influence 
of weather and environment on radiation fields, contamination oi objects, 
and nuclide transfer processes. 

One of the most important areas of future research for improving the 
fallout distribution models is continuation of studies that emphasize 
the specification of the particle source geometry during the period of 
fallout particle formation, as previously discussed. Continued research 
is needed on further development of predictive methods for weather data 
inputs to the models. Also, additional studies are needed on the appro¬ 
priate operational use of early monitoring data by civil defense command 
and control centers and by damage assessment centers for evaluating the 
radiological hazard and for initiating transattack and postattack counter¬ 
measures. Because of the unreliability of prediction methods, it appeal’s 
that these types of civil defense operations must be planned and scheduled 
on the basis of observed information. 
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Radiation Damage Criteria. 


Tlie biological response, either to acute gamma radiation closes or 
to chronic doses (or both), is known for a few species, mainly the impor¬ 
tant higher vertebrate domestic animals. However, most of the inlormatton 
is for specific types of radiation source energies and exposure geometries 
that are not particularly representative of the conditions for exposures 
to radiation from fallout. The biological response of all species to the 
pattern of exposure in nuclear war radiation environments, such as a. de¬ 
caying source strength, intermittent exposures for different time periods, 
arid the rate of exposure dose received, are not known, quantitatively; 
lack of information in this area is a major weakness in the current stute- 
of“knowledge of biological effects from radiation exposure. 

The mechanisms of biological recovery from radiation damage also are 
not known. But the principle of biological recovery from all types of 
injury is a firmly established concept for individual species as well as 
for ecosystems. The accepted description of the effects of acute gamma 
radiation doses on man have been deduced from scattered information, 
allowing for liberal use of technical judgment in lieu of factual infor¬ 
mation from carefully designed experimental investigations. Nevertheless, 
the recognition that a set of effects information must exist to establish 
damage criteria can be used to organize and categorize such information 
in terms of (1) the degree of injury from which recovery would be practi¬ 
cally certain, (2) the degree of injury from which recovery would be 
practically impossible, and (3) the degree of injury from which recovery 
is uncertain, depending on small differences in the degree of injury, the 
state-of-health of the organism at the time, the amount of treatment 
available, and other factors. 

For most species and ecosystems, because of many uncertainties in 
the application of the available data and incomplete coverage of the 
data, it is not yet possible to establish boundary conditions for injury 
categories. For the cases where the degree of injury can be categorized, 
damage assessment studies would require details about the third injury 
category given above. Information about the details of this injury cate¬ 
gory is least known for all species. 

The use of damage criteria in civil defense system design can be 
shown to be associated with the definition of the first injury category 
(e.g., the degree of injury from which recovery would be practically 
certain). While this use is undoubtedly recognized and applied in the 
current civil defense programs, it is also apparent that the ajjpl icat i on 
more often has been in the form of misuse because the emphasis in the 
application has been on only one component of the system (i.e., shelter). 

Some of the major unresolved problems include (1) radiobiological 
response of important species of the biota (at various stages in their 
respective reproductive cycle) to doses from exposure to gamma radiation 
from deposited fallout in terms of the cnergv spectrum, source geometry, 
and exposure chronology, (2) radiological response of selected species 
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of animals, plants, and Insects to beta radiation from fallout, and 
(3) injury recovery mechanisms and dependent variables. 


Second-Order Effects 


The second-order effects, such as the movement of soluble radio¬ 
nuclides within the biosphere, the response of species to a combination 
ol nonlethal doses of radiation, or the erosion of land areas denuded bv 
high radiation doses or fire, depend on many interrelated (and independent) 
variables and are poorly known. One main cause of existing controversies 
regarding the importance of the second-order biological effects stems from 
poor definition of the primary effects; another appears to arise from dif¬ 
ferences in interpretation of the efficiency of repair and recovery medi¬ 
an isms of ecosystems. 

Two major factors In the repair and recovery of biological communities 
appear to be important. The first is the time period over which the in¬ 
jury is sustained. The second is that the rate of the repair and recovery 
process, after injury, is usually slow, depending on the severity of the 
injury. 

Plant species tend to dominate all important terrestrial ecosystems, 
and, since plants grow on nutrients in soils, the most serious type of 
injury to these ecosystems is one that leads to removal of the soil it¬ 
self by erosion, 

In the scale of injury that could result in a nuclear war, the cycling 
of radionuclides into the food chain of the higher animals appears to be 
a minor hazard. In the long term, it could be a general public health 
problem. Although the currently available plant and animal uptake data 
are incomplete and of rather poor quality, and occasionally are reported 
in nonuseful units of measure, the conclusion that the scale of injury 
from internal contamination would be low is generally supported by these 
data. 


The second-order effocts from a fractionation of the degree of injury 
within the species of an ecosystem have not yet been thoroughly treated: 
the insect problem, secondary fires, invasion by weeds, and similar prob¬ 
lems are of this class of second-order effects. Much applicable data are 
known to exist. The compilation, organization, and analysis of these 
data are needed before second-order effects can bo assessed. 

At this time, all second-order effects from a nuclear attack appear 
to be unresolved. Some of the major ones are (1) damage leading to ero¬ 
sion and floods, (2) role of insects in ecosystem recovery processes, 

(3) ecological repair and recovery rates and dependent variables. 

(4) energy and matter flow in food chains, and (5) combined injury (long¬ 
term low-level) response of species. 







Countermeasures 


Man is a dominant factor in large segments of temporal ecosystems. 
Whilo it is possible to enumerate the types of countermeasures and con¬ 
trol that man could employ to aid in the recovery of the nation (includ¬ 
ing all types of contiguous ecosystems) after damage from a nuclear 
attack, it is not yet possible to establish the cost of preparations re¬ 
quired to accomplish a desired level of recovery, the real need of Lire 
measures, or the capability of survivors to carry out any and nil such 
conceived countermeasures. A better understanding of the nature and 
degree of the second-order effects Is required before proposed counter¬ 
measures can be evaluated. At the present time, protective counter¬ 
measures against the immediate effects are more important. 


Attack Analysis Findings 

The following specific conclusions were reached with respect to the 
model computations carried out on the 1IM and MC attacks during the study 

1. The nationwide recovery of the production potential of agricul¬ 
ture would be readily achieved, in spite of the radiological 
effects of the attack, if the farmers have, and utilize, pro¬ 
tective shelters with a shielding PF of at least 10. The com¬ 
puted pei* capita production potential of most crops for the 
crop in the ground at the time of attack was approximately 
unity for both the case of existing shelter (PF - 10) and the 
case of good shelter (PF = 1,000 for farmers and 100 psi blast 
shelters for urban population). However, for the good shelter 
case under the HM attack, the livestock availability is reduced 
to one-half of the preattack per capita level because of the 
larger survival rate of the human population in the cities. 

The effect of other factors, such as the availability of power 
and fuel, on the recovery of agriculture was not considered in 
this part of the study. 

2, The consumption of foods and water contaminated by both local 
and worldwide fallout, without any special decontamination 
methods, would not produce absorbed doses to adult humans that 
would result in significant early or late biological effects. 
The same conclusion is applicable for infants that ingest foods 
contaminated to levels equivalent to those computed for the 
national median level. For foods contaminated to levels equiva 
lent to those computed for the national 90 percentiLc level, 
some long-term effects to J,, fan:s. from continuous ingestion, 
would be expected. The important sources of these effects are 
the assimilation of 1-131 in the thyroid from early Ingestion 
of water and milk and the concentration of Sr-89 and Si—90 in 
the bone. 




3. 


All crops contaminated to levels loss than the 90 percent lie 
level (national summary) of the harvestuble crops would be 
edible, for both the existing shelter case and the good shelter 
case and for both attacks. The highest calculated absorbed 
dose to body organs from Ingestion of contaminated food and 
water resulted from the deposition of small fallout particles 
on the aboveground plant parts and In exposed water sources. 

The absorbed doses from consumption of foods obtained from 
the first postattack crop (where the edible plant parts were 
contaminated through root uptake and foliar contamination from 
worldwide fallout) were less than those from consumption of 
the contamination on the crops in the ground ut the time of 
attack, 

4. No decontamination of agricultural land would be needed, and 
no quui'unLlne ol agricultural land because of contain hint ion by 
Sr-90 and Cs-137 is required. Green leafy crops (and others) 
that are contaminated to levels in excess of the contamination 
level for 0.9 of the crop could be fed to animals, 

5. About 10 percent of the forest land (coniferous and deciduous) 
ax-ea would receive sufficiently high radiation doses so that 
recovery to preattack conditions within about 2 years is ques¬ 
tionable. In a smaller fraction of the forest land area, all 
vogetation would be lcillod. About the same fractional areas 
were involved in both assumed attacks. 

6. In the IiM attack, the crops in 11 percent of the planted crop 
land (all types) were destroyed (i.e., about 2 percent of the 
area of the country); in the MC attack, the crops in about 3 
percent of the planted crop land (all types) were destroyed. 
These estimates are probably somewhat low because the computa¬ 
tions were presumably based on the response of mature plants 
(data on the variation of the response with plant age being 
nonexistent) and because beta dose responses were not considered 
(no model and no response data being available). In addition, 
some of the available dose-response data are questionable. 
Therefore the estimated fractions of crops destroyed indicate 
only the likoly magnitude of the damage. No radiological or 
ecological problems, except for delayed reentry because of dose 
limitations to the farmer, would be expected in the planting 

of the first crop after the attacks, 

7. A large fraction of the population lias well-water sources avail¬ 
able to them: these sources are not expected to be contaminated 
during an attack. (However, the availability of the water would 
depend on the availability of power for pumping.) The consump¬ 
tion of contaminated water from exposed sources in the early 
postattack period, neglecting natural and normal water treatment, 
decontamination processes, would not be expected to produce 
serious somatic effects at tnc 90 percentile (nationwide) water 
source contamination level. 
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Within the reliability of current information on the biological res¬ 
ponse ol' species to radiation exposures, the above results of the study 
lead to the conclusion that long-term biological and ecological effects 
would not bo so severe as to inhibit or seriously delay the national re¬ 
covery after a nuclear attack similar to one of those assumed in the 
study. Kather, the major problems of population and biological resource 
survival are concluded as being associated with the short-term biological 
effects that would result from the exposure of all biological species to 
gamma radiation from fallout. The alleviation of these effects thus 
centers on the availability of shelter for the protection of the popula¬ 
tion and a local capability for organized efforts to recover food and 
water and other survival resources that would be required to maintain 
the health of the survivors as a coherent work force in the early post- 
attack period. This is the time period after attack when the need for 
knowledgeable leadership would be critical and when errors in recupera¬ 
tive actions would be most likely to lead to secondary fatalities. 

The effects of radiation from fallout in some a‘*aa« of tho country 
could result in fatal doses to all higher forms of life in exposed con¬ 
ditions. It is likely that a small fraction of the total land area of 
the country would be denuded of vegetation for a short period of time. 
However, the location and extent of those areas, with respect to other 
aspects of resource damage and economic recovery problems, are such that 
the ecological consequences of tho biological damago In these areas 
could have little or no influence on nation?1 recovery. Kssentially all 
of the economically important agricultural land is recoverable within 
the first year after attack, even for the case of existing shelters. 
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TITLE: Introduction to Long-Term Biological Effects of Nuclear War 

By: Carl F. Miller and Philip D. LaRiviere 
SUMMARY: 

This report summarizes the state of knowledge and concepts about the reaction 
of biological systems to effects of nuclear weapons under nuclear war conditions, 
about the likely extent of damage to agricultural and wildlife ecosystems under nu¬ 
clear war conditions, and about the factors Involved In the long-term recovery po¬ 
tential of these systems after damage- In the study, an attempt was made to organize 
the available Information for objective discussion of tbe subject, to outline the state 
of the art regarding capabilities to use the information (as well as its availability), 
and to make estimates of radiological effects using the available data and available 
(or new) computational methods. 

Within the reliability of the current information on the biological response 
of biological species to radiation exposures, the results of the study lead to the con¬ 
clusion that long-term biological and ecological effects would not be so severe as 
to inhibit or seriously delay the national recovery after a nuclear attack similar to 
one of those assumed in the study. Rather, the major problems of population and 
biological resource survival are concluded as being associated with the short-term 
biological effects that would result from the exposure of all biological species to 
gamma radiation from fallout. The alleviation of these effects thus centers on the 
availability of shelter for the protection of the population and a local capability for 
organized efforts to recover food and water and other such resources that would be 
required to maintain the health of the survivors as a coherent work force in the early 
postattack period. This is the time period after attack when the need for knowledge¬ 
able leadership would be critical and when errors in recuperative actions would be 
the most likely to lead to secondary fatalities. 

For several assumed types of nuclear attack, the effects of the radiation from 
fallout in some areas of the country could result in fatal doses to all higher forms of 
life in exposed conditions. A few percent of the total land area of the country would 
likely be denuded of vegetation for a short period of time. However, the location 
and extent of these areas, with respect to other aspects of resource damage and eco¬ 
nomic recovery problems, are such that the ecological consequences of the biolog- 
ical damage in these areas could have little or no influence on national recovery. 
Essentially all of the economically important agricultural land is recoverable within 
the first year after attack for the case in which the existing shelter system is used. 
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